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SECTION I 


SUMMARY 


A design technology study was performed to identify a high speed, multi- 
stage, variable geometry fan configuration capable of achieving a wide flow 
range modulation with near optimum efficiency at the important operating 
conditions. The initial phase of this study involved defining fan operating 
requirements and conducting a parametric screening study of several fan con- 
figurations. In order to achieve the fan requirements that were identified, 
a front block fan with 3.17 design pressure ratio and a rear block single- 
stage, core-driven fan of a 1.48 design pressure ratio are required. A 
parametric screening study of the front and rear block fan configurations 
was conducted in which the influence of major fan design features on weight 
and efficiency was determined. Key design parameters were varied systematically 
to determine an optimized fan design. Two-stage and three-stage fans were 
.considered for the front block fan. A single-stage rear block fan was studied. 
It was assumed that composite blade technology advancements would permit use 
of composite blading. 

The selected front block fan has a design point inlet specific flow rate 
of 205 kg/ sec m^ (42 Ibm/ sec ft^) operating at a corrected tip speed of 
467 m/ sec (1532 ft/sec). The fan flowpath is characterized by a nearly con- 
stant tip diameter and a large increase in hub radius through the first rotor 
with an inlet radius ratio of 0.40 and a design exit Mach number of 0.48. 

The rear block fan configuration is a single stage rotor driven by a high 
pressure rotor shaft. The design point inlet specific flow is 187.9 kg/ sec m^ 
(38,5 Ibm/ sec ft^) with a pressure ratio of 1.48. This front and rear block 
fan configuration offered the best combination of fan efficiency, engine 
weight and turbine performance. 


Variable geometry concepts were evaluated by investigating the effect of 
the level and the radial distribution of the swirl ahead of the front fan 
rotors on key aerodynamic parameters at the aerodynamic design point and at 
the supersonic cruise condition. An articulated inlet guide vane was selected, 
imparting no swirl at the fan design point. 

A detailed aerodynamic design of both the front and the rear block fans 
and their interconnecting ducts was performed at their respective design point 
conditions. Blade and vane airfoil coordinates were defined and a preliminary 
mechanical design analysis was made to assure mechanical feasibility. Perfor- 
mance maps were generated for each fan block covering a wide range of flow 
modulation. Velocity distributions were calculated at the extremes of the 
bypass ratio swings. 



SECTION II 


INTRODUCTION 


Under NASA-sponsored Supersonic Cruise Airplane Research (SCAR) studies, 
the General Electric Company has shown that the double bypass, variable 
cycle engine concept is a viable propulsion system for an advanced supersonic 
transport aircraft. These studies have showi that appreciable gains in 
cycle efficiency and reductions in fuel consumption can be achieved by use of 
high pressure ratio cycles combined with features which allow variation of the 
cycle characteristics to provide near-optimum performance in each significant 
regime of the flight spectrum. The studies have also shown that an attractive 
variable cycle engine (VCE) can be developed if fan technology can be extended 
to provide a suitable variable-bypass-ratio fan. The fan requirements include 
a high unit flow capacity at takeoff with a moderate efficiency penalty to 
permit an optimum trade-off between takeoff fan efficiency and nacelle size. 

An effective variable-bypass-ratio system requires that the fan stages be 
separated into two blocks with a b 3 rpass-flow splitter between the blocks. In 
the selected arrangement, the rear block fan rotor is part of the core spool 
in a dual-rotor engine . 

A design technology study was conducted under NASA Contract NAS3-20041 
aimed at identifying the most suitable fan configuration. The front and 
rear block fan configurations were selected from a parametric screening study 
and were each examined in a detailed aerodynamic design. A preliminary 
mechanical design analysis was conducted to assure a feasible and structurally- 
sound mechanical arrangement . Performance map predictions were calculated for 
each fan block. The results of this study are described in this report. 
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SECTION in 


AERODYNAMIC STUDIES 


A.. Engine System Studies 

Cycle Definition 

> 

The fan design requirements were defined at the outset of the present 
rAoS ^°^?i®tent with current General Electric Advanced Supersonic Technology 
UST) engine studies. A flow size of 382.4 kg/sec (843 Ibm/sec) at takeoff 
was adopted as a likely size for the ultimate engine. The fan cycle require- 
ments for both the front and rear fan blocks at several important operating 
conditions are given in Table I. The key operating conditions are supersonic 
cruise, subsonic cruise, takeoff and hold. 

The takeoff condition sets the airflow size and hence, the diameter of 
the front block fan,. A high airflow is desired at takeoff to reduce jet noise. 
Since this IS the front block sizing point, a fairly high specific flowrate 
IS desirable to minimize the fan diameter. Some sacrifice in efficiency is 
acceptable here to achieve the high specific flow since a relatively small 
percent of the total mission fuel is used during takeoff. The pTimary aerody-’ 
namic design point of the front block fan was selected at the condition of 
2.8/, less flow than at takeoff with an airflow of 372 kg/sec (820 Ibm/sec) 

f of tto front 
DiocK IS 108.6/ of the aerodynamic design speed which occurs at takeoff on 

a hot day. Table I shows that a substantial part of the front block airflow 
bypasses the rear block at takeoff and therefore, it is necessary to close 
the. rear block inlet guide vanes (IGV2) in order to reduce the rear block 
pumping capacity at the -relatively high core spool corrected speed. 

^ It is anticipated that the aircraft inlet would be sized for the super- 
sonic cruise airflow to minimize spillage drag. Auxiliary inlet doors would 
be used at takeoff to permit passing the desired flow at this condition. 

uring the climb/accel^ration and supersonic cruise phases of the mission, 
xt IS desirable to maintain a high engine specific thrust. In order to 
accomplish this, the front block flow is reduced by closing the inlet guide 
vanes (IGV) and the outer bypass stream is closed off forcing all of the 
airflow through the rear fan block. This is the sizing condition for the 

Mofl corrected flow into the rear block is 139.7 kg/sec 

I.JOo.0 Ibm/secJ at a design pressure ratio of 1.48. 

At supersonic cruise and other high specific thrust operating conditions 
IS desirable to close off the outer bypass stream and force all the air 
through the rear block. This requires a relatively high front block pressure 
ratio at the supersonic cruise airflow. The physical speed is kept at a 
maxim^ (approximately 100 percent) to maximize pressure ratio capability 
and the IGV is closed to match the corrected airflow. For the supersonic 
cruise conditions, as shown in Table I, the front block corrected speed is 
78.7 percent and the IGVs are- closed 39 degrees. 
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Table I. AST Front and Rear Block Fan Performance Parameters 


AST Front Block Fan Performance Parameters 


Operating Conditions 

Pet 
Corr . 
Speed 

Corr. 

Flow 

P/P 

Outer 

Bypass 

Ratio 

Front Block Design 

100 

820 

3.17 

0.550 

Takeoff 

105 

843 

3.20 

0.647 

Hold 

81 

492 

1-.90 

0.537 

Supersonic Cruise 

79 

472 

1.80 

0.041 

Subsonic Cruise 

93 

671 

2.60 

0.552 

AST Rear Block 

Fan Performance Parameters 


Operating Condition 

Pet 
Corr . 
Speed 

Corr . 
Flow 

•P.P 

Inner 

Bypass 

Ratio 

Rear Block Design 

100 

308 

1.48 

0.340 

Takeoff 

94 

200 

1.18 

0.087 

Hold 

88 

190 

1.15 

0.160 

Supersonic Cruise 

90 

281 

1.33 

0.513 

Subsonic Cruise 

93 

199 

1.17 

0.093 



When diverting to an alternate airfield or for holding patterns, the 
variable bypass .features of the engine allow operation at subsonic speeds 
and xntermediate power settings with relatively high bypass ratios (see Table 
i;, which improves the propulsive efficiency. The front fan block operates 
around 90 percent corrected speed with the IGV closed somewhat. At this 
condition, the fan efficiency should be near its peak value. 

Stall Margin Requirements 

A stability margin study was conducted to define the front and rear 
block stall margin requirements. Stackups were performed at SLS takeoff, 

0.3 Mq/ 0 K altitude rotation, 0,5 Mq/ISK hold, 0.95 Mq/ 35K subsonic 
cruise and 2.32 Mq/ 53.5K supersonic cruise flight conditions.' For this 
study, the front block distortion sensitivity and distortion transfer charac- 
teristics were assumed to be similar to those of General Electric's YJIOI fan, 
while the rear block characteristics were assumed to be similar to the NASA 
Task II Stage with IGV/stator schedules of 0V0“ and 40 VS*. 


The objective of the stability stackup was to insure that the installed 
fan stall line is higher than the engine operating requirements at all flight 
conditions. The approach to obtaining the stackup called for establishing 
the limiting stability rating points by identifying all the destabilizing 
influences and then summing the items to define the required margin. The 
destabilizing influences can be separated into external and internal categories 
The external destabilizing influences are those that are attributable to the 
distortion (nonuniformity) of the inlet flow field. The internal destabilizing 
influences are those that are attributable to items such as quality variations , 
deterioration, thermal or power transients, control tracking (steady-state and’ 
transient) and installation bleed/power extraction. Summing the stall margins 
required for external and internal destabilizing influences determines the 
minimum separation between the fan stall and nominal performance operating 
lines. An itemized tabulation of the stability stackup margins are shown 
in Table Ila and lib for both the front and the rear block fans. The primary 
operating conditions which set the. required design point stall margins 
are the hold (front block fan) and takeoff (rear block fan) points. The 
amount of stall margin required at the important operating points is shown 
schematically on the typical front and rear block fan performance maps in 
Figures 1 and 2, respectively. 

The required stall margin at the design point of the front block fan is 
approximately 20 percent based on an extrapolation of the required low spWd 
stall line. To assure meeting the engine rquirements, a stall margin of 
22 percent was used to determine the required fan corrected tip speed. In 
order to achieve the required stall margin on the rear block fan at all 
operating conditions, a value of 22 percent was assumed. 

Noise Considerations 

A brief and limited acoustical study was conducted early in the program 
to determine whether or not fan noise was a problem to be addressed in the 
design phase of the fan. The results of the study showed that at takeoff 
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Table Ila. AST Front Block Fan. Stability Margin Stack-Up 


Operating Condition ' 

A 

Stall Margin 

at Constant 

Airflow (%) 



Deterior- 

ation 

Quality & 
Control 

Transients 

Distor- 

tion 

Total 

Takeoff 

1.5 

3.0 

2.0 

6.5 

13.0 

Hold' 

2.0 

4.0 

4.0 

7.1 

17.1 

Subsonic Cruise 

1.5 

3.0 

3.0 

3.2 

10.7 

Supersonic Cruise 

2.0 

4.0 

4.0 

5.6 

15.6 


Table II b. 

AST Rear Block Fan Stability Margin 

Stack-Up . 


Operating Condition 

A 

Stall Margin 

at Constant 

Flow (%) 



Deterior- 

ation 

Quality & . 
Control 

Transients 

Distor- 

tion 

Total 

Takeoff 

1.0 

3.0 

1.0 

7.3 • 

12.3 

Hold 

1.0 

3.0 

1.0 

6.1 

11.1 

Subsonic Cruise 

1.0 

3.0 

1.0 

4.3 

9.3 

Supersonic Cruise 

1.5 

2.0 

1.0 

4.1 

8.6 
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the jet noise predominates and the fan noise is insignificant. At the ap- 
proach point, fan noise would be predominant if no inlet suppression were 
used. The use of a hybrid inlet (a variable geometry inlet which has a 
throat Mach number of about 0.80 combined with acoustic panels on the duct 
walls) .will reduce the noise to acceptable levels. It was therefore con- 
cluded that no special fan design features need be included for acoustic 
reasons ; 

B. Parametric Screening Studies 

Parameters and Range of Parameters Studied 

. A series of preliminary designs were carried out for both the front and 
rear block fans to determine the optimum combination of design parameters for 
each fan block. Both two- and three-stage front block fans were investigated. 

single-stage fans were investigated for the rear block because of its low 
design pressure ratio. 

A nominal two-stage front block configuration was defined which had the 
following characteristics: 


Inlet Radius Ratio 

0.438 

•Flow/ Annul us Area, kg/ sec m^ (Ibm/sec ft^) 

210 (43) 

Exit Mach Number 

0.48 

Rotor Inlet Swirl Angle, degrees 

5 

Rotor Aspect Ratio (average) 

1.6 

Stator Aspect Ratio (average) 

•2.6 

Rotor Pitchline Solidity (average) 

1.7 

Stator Pitchline Solidity (average) 

2.0 

Flowpath Shape 

Tapered Casing 


The flowpath for this nominal configuration is shown in Figure 3. 

The corrected tip speed required to achieve 22 percent stall margin and 
fan efficiency potential were calculated for this nominal configuration. Each 
of the above parameters (except for flowpath shape) were individually varied 
to both a higher and lower value than the nominal case. The required tip 
speed and efficiency potential were calculated for each configuration, 
Bteliminary weight estimates were made for many of the configurations. In 
addition, estimates -were made of the low pressure 'turbine efficiency, weight, 
and cooling flow requirements. The combined effect of the fan efficiency and 
weight, and the turbine efficiency, weight and cooling flow requirements were 
used to obtain a differential aircraft range through the use of derivatives. 

A similar approach was followed for the three-stage front block fans, 
except that two nominal flowpath shapes were investigated; one, with a con- 
stant pitch diameter and the other with a near-constant tip diameter. 
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The nominal three— stage fan configurations employed higher aspect ratio 
blading and it was assimed that they would require rotor tip shrouds for ade- 
quate aero-mechanical stability. .The integral tip shrouded fan-blades were 
assumed to be titanium for the estimted weight calculations. The ■flowpaths 
for the two nominal three-stage fans are shown' in Figures 4 and 5 . 

Table III lists the parameters investigated and the range of variables 
for the three nominal front block fan configurations. 

Table IV lists the parameters and range of variables considered for the 
rear block fan configuration. The overall engine configuration places many 
more constraints on the core-driven fan stage than on the front block. Since 
it is driven from the high-pressure core spool, its RPM must be compatible 
with achieving the required core compressor pressure ratio and stall margin 
in a relatively few number of stages. Furthermore, the high pressure turbine 
efficiency, weight, stress levels, and cooling flow requirements must be 
considered . 

The inlet specific flow of the rear block should be such that no large 
diffusion or accelerations are required between the front and the rear fan 
blocks. Similarly, its exit Mach number must be compatible with the core 
compressor inlet conditions. Considering these constraints, the design para- 
meters were investigated over a smaller range than for the front block. 

' Efficiency Prediction and Stall Correlation Model 


Preliminary design studies of advanced fans and compressors at the 
General Electric Company rely on a computerized procedure, identified as 
the Compressor Unification Study, to estimate both efficiency potential and 
stall pressure ra tio potential. This model was the principal tool used in 
selecting the front and rear block fan configurations. The efficiency predic- 
tion model is intended to indicate the potential peak efficiency of a well- 
designed compressor. It is intended to account for all known sources of loss 
except for those due to off— design operation, blading unsuited for the aero- 
d 3 mamic environment or poor hardware quality. The potential peak efficiency 
at the design point is dependent upon the magnitude of loss from four sources: 
(1) end-wall boundary layer and end-wall region secondary flows and leakage 
flows; (2) blade surface profile drag; (3) blade passage shocks; and (4) part- 
span shrouds. These losses are correlated with aspect ratio, solidity, stagger, 
tip clearance, blade row axial spacing, and aerodynamic loading level. Blade 
surface profile losses are related to suction surface diffusion, blade maximum' 
thickness and trailing edge thickness, Re 3 ntiolds number, surface finish, Mach 
number and streamtube contraction. The shock loss model relates passage shock 
losses to inlet Mach number and relates leading edge bow shock losses to Mach 
number and edge thickness . The model for part-span shroud losses is based on 
measured shroud drag coefficients. 

A detailed description of this efficiency model and some comparisons 
showing the capability of the model to predict efficiency is given in Referr 
ence 1. 
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Table TI-I. Front Block Fan Nominal Design and Range ot Parameters. 


Flow/ Annulus 
kg/ sec m^ 

(Ibm/sec ft^) 

Inlet Radius Ratio 

Exit Mach Number 

Swirl Angle (deg.) 

Aspect Ratio 
Rotor Avg 
Stator Avg 

Solidity (Pitchline) 
Rotor Avg 
Stator Avg 


Two St ag e 
Tapered Casing* 


Nominal 

High 

Low 

210 

215 

205 

43 

44 

42 

0.438 

0.50 

0.38 

0.48 

0.55 

0.45 

5 

20 

0 

1.6 

1.8 

1.2 

2.6 

2.8 

2.0 

1.7 

1.9 

1.5 

2.0 

2.2 

1.8 


Three Stage 


NCT* 

Nominal 

High 

Low 

210 

215 

205 

43 

44 

42 

0.438 

0.50 

0.38 

0.48 

0.55 

0.45 

5 

20 

0 

3.0 

3.5 

2.0 

3.2 

3.5 

,2-5 

1.65 

1.80 

1.50 

1.80 

2.00 

1.60 


Three Stage 
CP* 


Nominal 

High 

Low 

210 

215 

205 

43 

44 

42 

0.438 

0.50 

0.38 

0.48 

0.55 

0.45 

5 

20 

0 

3.0 

3.5 

2.0 

3.2 

3.5 

2.5 

1.65 

1.80 

1.50 

1.80 

2.00 

1.60 


* Tapered - Tapered Casing Flowpath 

* NCT - Near-Constant Tip Flowpath 

* CP - Constant Pitch Flowpath 



Table IV. Rear Block Single Stage Fan Nominal Design 
Parameters and Range of Parameters. 


Parameter 

Nominal 

High 

Low 

Flow/Unit Annulus Area 

188(38,5) 

195(40) 

175(36) 

.kg/ sec (Ibm/sec ft^) 




Inlet Radius Ratio 

0.65 

0.70 

0,60 

Exit Mach Number 

0.52 

0.55 

0.45 

Swirl Angle~degrees 

0” 

20“ 

0“ 

Aspect Ratio (Rotor Average) 

1.5 

2,0 

1.2 

Solidity (Rotor Average) 

1.66 

1.90 

1.40 
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The stall pressure ratio prediction model relies upon two basic groups 
of background data, pie first group of data describes the' measured 'stii”! • 
pressure rise capabilities of a large number of low speed repeating stages 
covering a wide range of stage geometries. These data have been expressed 
in the form of a pressure rise coefficient, which is related by a correlation 
to stage geometry parameters such as aspect ratio and solidity. The second 
collection of background data is from high speed multispeed compressors. 

These data are presented in the form of a ratio, called effectivity, of an 
individual stage pressure rise coefficient measured at design speed stall 
to that predicted by data correlation. 

In applying the stall prediction model to a new design, certain features 
of Its stage geometry and an appropriate value of effectivity are specified, 
and the correlation is used to deduce the pressure rise coefficient for each 
stage. Other input quantities are the distributions of axial velocity and- 
stator exit flow angle at the design speed stall point, the airflow, pitchline 
radii and an estimated wheel speed. The computer program calculates the stage 
pressure ratios, stacks the stages to give an overall pressure ratio, and 
adjusts the speed until the desired overall pressure ratio is obtained. Hub 
and tip radii consistent with these results and other quantities of interest 
are then calculated. 


Weight Estimates and Low Pressure Turbine Considerations 

As part of the parametric screening study to define the optimum low pres- 
sure system for the AST engine, the total full-size fan weight was estimated 
or several of the two and three— stage fan configurations. 

Several assumptions were made that will affect the rotor absolute weight 

but should still result in acceptable relative weights. Some of the pertinent 
assumptions are: 

• Life required is 20000 start/stop cycles 

« Minimum blade tm/c = 0.025 

• Blade root Stress Concentration Factor, = 2.0 

9 Blade dovetail orientation angle = 15° 

0 Disk width = 0.85 x projected blade chord 

0 Disk temperature constant @ 200* F 

« Disk bore radius: 15 cm on Stages 1 and 2 ; 20 cm on Stage 3 

Actual weight estimation was done by predicting a design, based on given 
data and past experience, then processing the design parameters through a 
series of preliminary design computer programs. These programs all have pro- 
visions to adjust key parameters in the design until an acceptable compromise 

.f criteria. In this case, programs 
which handle the blade airfoil, blade and disk dovetail and non-rigid disk as 
individual components were used . 
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The cantilevered rotor blades for the two-stage fans were assumed to.be 
made of 1985 state-of-the-art boron/aluminum material. The three-stage fan 
blades were assumed to be titanium (Ti 6-4) with integral tip shrouds. The 
stator vanes were also assumed to be titanium (Ti 6-4). Other rotor, and 
static com^nent part materials would be- 1985 state-of-the-art nickel and 
titanium alloy materials. The items covered in the rotor weight estimate 
include the blades, disks, shaft, spacers and other miscellaneous parts. 

The stator weight includes the vanes, casing, lever arms, shroud, and inlet 
guide vane ring, shroud, frame and centerbody. The nominal two stage fan 
rotor weight was estimated to be 446.8 Kg (985 lb) and the stator weight 
was estimated at 423.7 Kg (934 lb) for a total fan weight of 870.5 Kg 
(1919 .lb) or for the nominal constant pitch fan 899.0 Kg (1982 lb). 

Further evaluation of the low pressure system for the variable cycle 
AST engine was made by estimating the low pressure turbine weights, effici- 
encies, and cooling flows. A preliminary mechanical layout of the turbine 
components, for the AST engine was done and is shown in Figure 6. The flowpath 
for the various turbines studied remained essentially unchanged so that the 
low pressure turbine (LPT) weight and cooling flow changes are due primarily 
to changes in RPM and the number of blades. Of these two variables, RPM has 
the largest effect. Stator variations were- found to have a negligible effect 
on cooling/weight sensitivities as did variations in turbine casings for the 
small flowpath changes . 

Each turbine was analyzed by the following procedure: 

1 Sizing the tip shroud to adequately span the distance between 
adjacent blades. 

2. Applying the shroud load to the airfoil and sizing the blade 
taper to minimize blade stress (up to an area ratio limit of 2.0). 

3. Analyzing and sizing the disk to provide satisfactory steady-state 
life and, overspeed .margin . 

4. Cooling flows are sized by considering the stress in each blade 
and the allowable metal temperatures required to give equivalent 
life. in each design. 

Figure 7 shows the trends of weight, cooling flow and LPT efficiency as a 
function of RPM. Since the range of RPM covered by the data from eight fan 
configurations covers the range of RPM for all fan configurations, the weights^ 
cooling flows and efficiencies were noted for all the various two- and three- 
stage ' fan configurations. The nominal, full-size engine, LPT weight is 591.9- 
Kg (1305 lb;) which includes the shaft (i04.3 Kg), the "stator ~(337 . 9 Kg)^ and ~ 
the LPT rotor (149.7 Kg). Only the LPT rotor weight changes with RPM for the 
various fan configurations. The nominal stage 1 turbine bucket cooling flow 
is 4.2 percent of the total inlet flow. 

The combined effect of the fan weight and efficiency and the turbine 
weight, efficiency and cooling flow were considered in the selection of the 
optimized low pressure system for the AST engine. 
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Results of Front Block Fan Parametric Screening Studies 

A summary of the aerodynamic design data from the front block fan 
screening studies is given in Tables V and VI. Table V presents a comparison 
of the efficiencies, speeds, approximate lengths and inlet tip diameters for 
the various two stage configurations. Tables Via and VIb present the same 
data for the three stage, near-constant-tip (NCT) and three stage, constant 
pitch (CP) fan configurations, respectively. Since the bulk of the fuel is 
burned at the supersonic cruise operating condition, it is intended to favor 
the lower corrected speed operation during the detailed design of the rotor 
and stator airfoils. This would introduce some compromise to the efficiency 
at the aerodynamic design point. Therefore, the efficiencies listed are one 
point lower than those calculated by the efficiency potential model. It 
should be noted that the high Re}molds number associated with the large size 
of these fans has a beneficial effect on the calculated efficiency. 

The corrected speeds listed in the Tables V and VI result from the stall 
prediction model assuming 22 percent stall margin above the 3.17 operating line 
pressure ratio. All fans are sized for a design corrected flow of 372 kg/ sec 
(820 lb/ sec). 

The results of varying aspect ratio (Figures 8 and 9 for the two-stage 
and three-stage fans, respectively) show an increase in efficiency as the 
aspect ratio is reduced from the nominal case value. The reduced aspect ratio 
permits a lower tip speed for the same stall margin, xAiich results in lower 
Mach numbers and lower shock losses. The higher blade chord Reynolds number 
of the low aspect ratio blades also contributes to reduced profile losses. 

There is an increase in the end-wall losses, but not of sufficient magnitude 
to offset the reduction in profile and shock losses. An additional small gain 
occurs as a result of the assumption that the blade root tm/c could be somewhat 
lower for the lower aspect ratio cases. This, however, comes at the expense 
of a sizeable length increase and consequently, as will be shown later, a 
sizeable increase in fan weight. 

The solidity variation results are shown in Figures 10 and 11, for the 
two- and three-stage fans, respectively. For the two-stage fan, a small gain 
in efficiency results from increasing the solidity from the nominal case 
Changing the solidity had essentially no effect on the efficiency of the three 
stage fans. 

The effects of varying flow per unit annulus area, shown in Figures 12 
and 13, indicate that the lower level of inlet specific flow is beneficial 
from a fan efficiency standpoint. The fan exit Mach number was held constant 
as the inlet specific flow was varied so that by dropping the inlet Mach 
number (specific flow) less diffusion across the fan is required. Two addi- 
tional considerations also contribute to the improved efficiency. First, 
the average blade Mach number is reduced and, secondly, the lower flow coef- 
ficient leads to higher staggered blading which reduces the end-wall losses 
as a result of increased passage aspect ratio.* 


*Passage aspect ratio is defined as the blade height divided by the pitchline 
staggered spacing between blades. 
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Table V. AST Front Block Fan Screening Study, Summary of Two Stage Fan Aerod 3 naamic Design Data. 


Two-Stage Fans ~ Tapered Casing Flowpath 


Adiabatic 

Efficiency 


Nominal 0,858 
Low Aspect Ratio (Rotor/Stator Avg. = 1. 2/2.0) 0.864 
High Aspect Ratio (Rotor/ Stator Avg. = 1,8/2. 9) 0.852 
Low Solidity (Rotor/Stator Avg. = 1.5/1. 8) 0.855 
High Solidity (Rotor/Stator Avg. = 1.9/2. 2) 0.860 
Low Flow/Annulus Area [205 (42)] 0.862 
High Flow/Annulus Area [215 (44)] 0.855 
Low Inlet Radius Ratio 0.38 (r/rexit = 0.755) 0.865 
High Inlet Radius Ratio 0.50 (r/r exit = 0.755) 0.850 
Low Inlet Radius Ratio 0.38 (r/r exit = 0.746) 0.863 
High Inlet Radius Ratio 0.50 (r/r exit = 0.767) 0.854 
Low Exit Mach No. (0.45) 0.856 
High Exit Mach No. (0.55) 0.859 
IGV/Sl Exit Swirl =0" 0.846 
IGV/Sl Exit Swirl =10° 0.866 
IGV/Sl Exit Swirl =15° 0.870 
IGV/Sl Exit Swirl =20° 0.870 


Tip Speed 
m/sec (fps) 

Corrected 

Speed 

rpm 

Length 
R1 Inlet To 
S2 Exit, m (in.) 

Inlet Tip 
Diameter 
m (in.) 

493 

(1619) 

5641 

0.60 

(23.6) 

1.67 

(65.78) 

471 

(1546) 

5387 

0.78 

(30.8) 

1.67 

(65.78) 

503 

(1651) ■ 

5753 

0.54 

(21.2) 

1.67 

(65.78) 

500 

(1642) 

5721 

0.59 

(23.4) 

1.67 

(65.78) 

490 

(1607) 

5599 

0.60 

(23.6) 

1.67 

(65.78) 

496 

(1627) 

5603 

0.60 

(23.6) 

1.69 

(66.55) 

491 

(1611) 

5678 

0.60 

(23.6) 

1.65 

(65.02) 

479 

(1571) 

5632 

0.62 

(24.6) 

1.62 

(63.93) 

508 

(1668) 

5598 

0.57 

(22.4) 

1.73 

(68.28) 

487 

(1598) 

5729 

0.63 

(24.8) 

1.62 

(63.93) 

496 

(1627) 

5461 

0.56 

(22.2) 

1.73 

(68.28) 

501 

(1645) 

5732 

0.60 

(23.6) 

1.67 

(65.78) 

469 

(1538) 

5359 

0.59 

(23.2) 

1.67 

(65.78) 

494 

(1620) 

5645 

0.59 

(23.2) 

1.67 

(65.78) 

496 

(1627) 

5669 

0.61 

(23.9) 

1.67 

(65.78) 

500 

( 1642 ) 

5721 

0-62 

(24.3) 

1.67 

(65.78) 

507 

(1664) 

5798 

0.63 

(24.7) 

1.67 

(65.78) 



Table VI. AST Front Block Fan Screening Study Summary of Three-Stage Fan Aerodynamic Design Data, 
a. Three-Stage Fans Near-Constant Tip Flowpath 


Adiabatic 

Configuration Efficiency 

Nominal 0.872 

Low Aspect Ratio (Rotor/Stator Avg. = 2. 0/2. 5) 0.884 

High Aspect Ratio (Rotor/Stator Avg. = 3. 5/3/5) 0.865 

Low Solidity (Rotor/Stator Avg. = 1.5/1. 6) 0.873 

High Solidity (Rotor/Stator Avg. = 1. 8/2.0) 0.870 

Low Flow. /Annulus Area [205 (42)] 0.875 

High Plow/Annulus Area [215 (44)] 0.863 

Low Inlet Radius Ratio (0.38) 0.873 

High Inlet Radius Ratio, (0.50) 0.866 

'Low Exit Mach No. (0.45) 0.871 

High Exit Mach No. (0.55) 0.872 

IGV/S1/S2 Exit Swirl = 0“ 0.861 

IGV/S1/S2 Exit Swirl =10“ 0.880 

IGV/S1/S2 Exit Swirl =15* 0.881 

IGV/S1/S2 Exit Swirl = 20“ 0.862 


Tip Speed 
m/sec (fps) 

Corrected 

Speed 

rpm 

Length 
R1 Inlet To 
S3 Exit, m (in.) 

Inlet. Tip 
Diameter 
m (in.) 

420 (1378) 

4801 

0.66 (25.8) 

1.67 (65.78) 

392 (1285) 

4477 

0.85 (33.6) 

1.67 (65.78) 

429 (1408) 

4906 

0.60 (23.6) 

1.67 (65.78) 

427 (1400) 

4878 

0.65 (25.7) 

1.67 (65.78) 

415 (1360) 

4739 

0.66 (25.9) 

1.67 (65.78) 

424 (1390) 

4787 

0.65 (25.7) 

1.69 (66.55) 

420 (1378) 

4857 

0.65 (25.7) 

1.65 (65.02) 

417 (1368) 

4904 

0.68 (26.7) 

1.62 (63.93) 

436 (1432) 

4807 

0.63 (24.9) 

1,73 (68.28) 

432 (1416) 

4934 

0.67 (26.2) 

1.67 (65.78) 

399 (1310) 

4564 

0.65 (25.4) 

1.67 (65.78) 

421 (1382) 

4815 

0.65 (25.6) 

1.67 (65.78) 

420 (1380) 

4808 

0.66 (26.1) 

1.67 (65.78) 

423 (1387) 

4833 

0.67 (26.3) 

1.67 (65.78) 

427 (1402) 

4885 

.0.68 (26.6) 

1.67 (65.78) 
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Table VI. AST Front Block Fan Screening Study, Summary of Three-Stage Fan Aerod}mamic Design Data. (Concluded) 

b. ■ Three-Stage Fans ~ Constant Pitch Flowpath 


Adiabatic 

Configuration Efficiency 

Nominal 0.856 

Low Aspect Ratio (Rotor/Stator Avg. = 2. 0/2. 5) 0.868 

High Aspect Ratio (Rotor/ Stator Avg. = 3. 5/3. 5) 0.850 

Low Solidity (Rotor/Stator Avg. = 1.5/1. 6) 0.854 

High Solidity (Rotor/Stator Avg. = 1. 8/2.0) 0.855 

Low Flow/ Annulus Area [205 (42)] 0.860 

High Flow/ Annulus Area [>215 (44)] 0.850 

Low Inlet Radius Ratio (0.38) ’ 0.852 

High Inlet Radius Ratio (0.50) 0.858 

Low Exit Mach No. (0.45) 0.854 

High Exit Mach No. (0.55) 0.860 

IGV/S1/S2 Exit Swirl = 0“ 0.843 

IGV/S1/S2 Exit Swirl = 10° 0.865 

IGV/S1/S2 Exit Swirl =15° 0.871 

IGV/S1/S2 Exit Swirl = 20° 0.872 


Tip Speed 
m/sec (fps) 

Corrected 

Speed 

rpm 

Length 
Rl Inlet To 
S3 Exit, m (in.) 

Inlet Tip 
Diameter 
m (in.) 

485 

(1592) 

5547 

0.70 

(27.4) 

1.67 

(65.78) 

458 

(1501) 

5230 

0.90 

(35.6) 

1.67 

(65.78) 

496 

(1627) 

5669 

0.63 

(24.9) 

1.67 

(65.78) 

496 

(1627) 

5669 

0.69 

(27.2) 

1.67 

(65.78) 

479 

(1570) 

5470 

0.70 

(27.5) 

1.67 

(65.78) 

485 

(1590) 

5476 

0.69 

(27.3) 

1.69 

(66.55) 

485 

(1592) 

5611 

0.70 

(27.4) 

1.65 

(65.02) 

504 

(1655) 

5933 

0.73 

(28.9) 

1.62 

(63.93) 

468 

(1536) 

5156 

0.65 

(25.7) 

1.73 

(68.28) 

494 

(1620) 

5645 

0.70 

(27.6) 

1.67 

(65.78) 

465 

(1527) 

5321 

0.69 

(27.1) 

1.67 

(65.78) 

485 

(1592) 

5547 

0.69 

(27.1) 

1.67 

(65.78) 

488 

(1600) 

5575 

0.70 

(27.6) 

1.67 

(65.78) 

491 

(1611) 

5613 

0.71 

(27.9) 

1.67 

(65.78) 

498 

(1635) 

5697 

0.71 

(28.1) 

1.67 

(65.78) 



The effects of the radius ratio variations on fan efficiency and tip 
speed are shown in Figures 14 and 15. For the two stage fan configurations 
where the inlet radius ratios were varied, the inlet-to-exit flowpath shapes 
were specified in two different manners. The first method (open symbols on 
Figure 14) held the exit radii constant and moved the inlet radii about the 
nominal values. This resulted in a flowpath that had a steeper hub slope for 
the low (0.38) radius ratio and a shallower hub slope for the high (0.50) 
radius ratio case. The second method (shaded symbols on Figure 14) kept the 
hub and tip slopes approximately the same and moved the inlet and exit flowpath 
dimensions. Here, the ratio of the exit hub radius to the inlet tip radius 
was held constant. The first method of flowpath variation was employed on the 
three stage near-constant-tip fans and the second method was used when varying 
radius ratio on the three stage constant pitch fans. 

Figure 14 shows the two-stage fan results for both methods of flowpath 
variation. The low radius ratio case where the exit radii are the same 
as the nominal case shows the lowest required tip speed and, also, a correspond- 
^ng y higher efficiency potential. The steeper hub slope causes a greater 
change in the average radii across a blade row, especially through the first 
rotor, thereby producing a centrifugal effect on the work input of the stage. 

The net result is a lower tip speed and only a slightly lower RPM since 
the diameter has been reduced. The overall length is slightly longer than 
the nominal case since the blade heights are larger. The increased efficiency 
is primarily due to a cascade efficiency improvement resulting from the 
lower tip speed and lower rotor Mach numbers. The variation of inlet and exit 
radius ratios coming from the second method shows the same trends of efficiency 
and tip speed, but to a lesser extent. Ihe lower inlet and exit radius ratio 
case appears beneficial from the standpoint of engine size and core transition 
duct severity. Although there is a modest increase in fan length, this is 
compensated for by a lesser amount of radius change in the transition duct and 
thus, a shorter duct length. 

^ The three-stage fan results from varying inlet radius ratio are listed 
in Tables Via and VIb and shown graphically in Figure 15. The near-constant 
tip flowpath fan shows little gain from the lower inlet radius ratio in both 
efficiency and reduced tip speed. In this case,. the hub slope is not as steep 
as for the two-stage fan since the overall fan length is greater. For near- 
constant tip flowpaths, the high inlet radius ratio is less attractive since 
the engine diameter is increased and efficiency is poorer due to the larger 
required tip speed. 


The three stage constant pitch flowpath fans show a reversed trend 

tip speed relative to the other fan configurations. Here, 
the higher radius ratio fan requires less tip speed and has a greater efficiency 
potential since the higher pitchline radius means a higher average blade speed. 
The magnitude of the efficiency change over the range of radius ratios studied 
is not significant. 

The results of varying the exit Mach number are shown in Figures 16 and 
7 and indicate only a slight advantage in choosing a higher design exit Mach 
n^ber. Furthermore, the higher exit Mach number will necessitate larger 
diffusion rates to the rear block fan and result in higher duct losses. 
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Stator exit swirl angle variations were evaluated for the three fan 
configurations and the results are shown in Figures 18 and 19. The trends 
show a distinct increase in efficiency with swirl angle increases up to 20 
degrees. The additional swirl (lower reaction) is applied at each rotor inlet 
station and the nipd.el assumes it to be radially -constant. The corrected tip 
speed is lightly higher for the higher swirl cases and there are small in- 
creases in overall length. For the high swirl angle cases, the last stator 
row loadings become extremely high. This suggests a design with less swirl 
would, be more acceptable. Furthermore, large degrees of rotor inlet swirl 
and a large radial variation would present a more severe radial mismatch 
problem at off-design conditions. This facet of the design will be discussed 
in more detail in Section III C. 

In general, the results of the front block fan screening study show 
that the best efficiencies calculated by the model occur for the lower tip 
speed fans., fans with large through-blade radius changes, fans with lower 
through-flow Mach numbers, and also for fans with large degrees of stator exit 
swirl. The three-stage (NCT) fan appears distinctly better, at least from ah 
efficiency standpoint (+ 1.4 points), than the other nominal fan configura- 
tions. Other considerations of the total low pressure system will be dis- 
cussed in the expanded screening study. 

Expanded Screening Study 


It became apparent from the initial screening study that, in general, 
there was a net gain in the low pressure system ( including the front block 
fan- and the LP turbine) for two-stage fan -configurations which had low design 
RPM-'s. Lower fan design tip speeds generally resulted in improved fan effici- 
ency and- an overall improved low pressure system, provided the fan blade 
aspect ratios were not too low. Reducing the aspect ratio from the nominal 
case, however, resulted in a significant weight increase in the fan which 
offset the fan- efficiency gain and the weight reduction in the LP turbine. 
Lowering the RPM caused a small penalty in turbine- efficiency, but this was 
more than offset by the lower turbine cooling flow requirements. Primarily as 
a result of this trend, the screening study was expanded to include two-stage 
fan configurations with constant tip diameter flowpaths . 

The constant tip designs provided a larger increase in hub radius through 
the first stage rotor and an increased blade speed of the second stage relative 
to the first. These features permitted achieving the required stall margin 
with lower first stage design tip speeds and with reduced RPM. 

It was previously noted that decreasing the inlet specific flow was 
beneficial to the fan efficiency. This, however, would increase the diameter 
and, hence, the frontal area if. the inlet radius ratio remained at the 
nominal value. ’ By decreasing the inlet radius, ratio as the specific flow is 
reduc.edj- the tip diameter can be held essentially the same as the nominal 
case . 


Three two-stage, constant-tip configurations were investigated as part of 
the additional screening study work. The first configuration maintained the ■ 
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nominal values of inlet radius ratio (0.438) and inlet specif ic ' flow of 
210 kg/sec (43 Ibm/sec ft^) but utilized a constant-tip diameter flow- 
path. The second configuration reduced the inlet specific flow to 205 
kg/sec m2 (42 Ibm/sec ft^) and the inlet radius ratio to 0.40. The fan 
diameter for this case is 165.81 cm (65.28 in.) compared to the nominal 
case value of 167.07 cm (65.78 in.). The third fan configuration further 
reduced inlet radius ratio and specific flow to 0.35 and 195.3 kg/sec m^ 

(40 Ibm/sec ft^) , respectively. The constant tip diameter for this case 
is 166.23 cm (65.45 in.). Other design parameters, with the exception of 
the first rotor inlet swirl, were kept the same as the nominal configura- 
tion. Zero degrees of preswirl were specified for these cases instead of 
the nominal five degrees to help minimize the radial mismatch which occurs 
when the inlet guide vane is closed from the design setting. The selection 
of the design swirl angle will be discussed in more detail in a later sec- 
tion. Flowpath sketches of the three constant-tip configurations are shown 
in Figures 20, 21 and 22. 

The more promising fan configurations of the front block fan screening 
study, including the constant tip configurations, were evaluated in terms of 
fan and low pressure turbine weights, efficiencies and LPT cooling flowS' and 
their net effect on the aircraft range. Table VII presents a summary of low 
pressure system data for each of the fans. The delta efficiencies, weights, 
cooling flows and range are shown relative to the nominal two-stage fan. For 
comparison, all three of the nominal fan configurations were included in this 
summary along with the two-stage tapered casing types where aspect ratio, 
radius ratio and swirl variations occur. 

The data shown in Table VII indicates that the constant tip fans gener- 
ally run at lower tip speeds, are lighter weight in both the fan and the tur- 
bine, and have better fan efficiency. The low aspect ratio fans, although 
attractive from a fan efficiency standpoint, are extremely heavy and have a 
net disadvantage in aircraft range. The low inlet radius ratio case shows. up 
as fairly attractive relative to the nominal fan but the tapered casing flow- 
path does not have the additional stage 2 blade speed provided by the constant- 
tip type fans and therefore is not as attractive. The high stator exit swirl 
case has a high fan efficiency but requires a higher RPM, has higher exit- 
stator aerodynamic loadings, has a weight penalty, and would present more 
severe radial mismatch problems at off-design conditions. The net effect is 
only slightly better than the nominal case. 

The three-stage fan information presented in Table VII shows the near- 
constant-tip (NCT) fan to have a positive effect on the overall aircraft range 
where the constant -pitch (CP) fan shows a distinctly negative effect. The 
biggest difference between the two fans is the fan efficiency (2.6 points). 
However, the NCT fan's higher efficiency potential, essentially due to its 
lower speed, is largely negated by the lower LPT efficiency. The required 
cooling flow and turbine weight are less. Only the low radius ratio, constant 
tip, two-stage configurations show better aircraft range than the three-stage 
NCT fan. Although no attempt was made to determine the cost of the various 
fan configurations, the three-stage, high aspect ratio fans have almost twice 
as many airfoils as the two-stage constant-tip fans, and are probably more 
expensive . 
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Table VII. Summary of Low Pressure System Data from Refined Front Blocking Fan Screening Study. 


Configuration 

Inlet 

Radius Ratio 

Corrected 
Tip Speed 
Cl/ sec (fps) 

Corrected 

Speed 

rpm 

A Fan 
Eff. Z 

A LPT 
Eff. X 

A Fan 
Weight 
k« (lbs) 

A LPT A LPT 

Weight Cooling 

kg (lbs) FLow» Z 

A Aircraft 
Range, Z 

Tvo-Stase Tapered Casing; Fans 










-* Kotai-aal 

0.438 

493 (1619) 

5641 

0 

0 

0 

0 

0 

0 

- Low Aspect Ratio 

0.438 

471 (1546) 

5387 

+ 0.6 

- 0.4 

+158 (+349) 

- 5.4 (-12) 

- 0.3 

- 0.38 

- Uxgh Aspect Ratio 

0.438 

503 (1651) 

5753 

- 0.6 

+ 0,1 

- 47 (-104) 

+ 0,9 (+ 2) 

+ 0.2 

+ 0.13 

** Low Inlet Radius Ratio (Exit r/r ■■ 0.755) 

0.380 

479 (1571) 

5632 

+ 0.7 

0 

- 12 (- 27) 

- 1.4 (- 3) 

0 

+ 0.24 

- High Inlet Radius Ratio (Exit r/r •* 0.755) 

0.500 

508 (1668) 

5598 

- 0.8 

~ 0.1 

+ 30 (+ 65) 

- 2.3 (- 5) 

- 0.1 

- 0.21 

- High Swirl (20*) 

0.438 

507 (1664) 

5798 

+ 1.2 

+ 0.2 

+ 22 (+ 48) 

+ 1.8 (+ 4) 

+ 0.3 

+ 0.09 

Three-Staj;e Fans 










- Nominal Near-Constant Tip 

0.438 

420 (1378) • 

4801 

+ 1.4 

- 1.3 

+ 29 (+ 64) 

- 19.0 (- 42) 

- 0.7 

+ 0.28 

- Nominal Constant Pitch 

0.438 

485 (1592) 

5547 

- 1.2 

- 0.4 

+ 29 (+ 63) 

- 0.9 (- 2) 

- 0.1 

- 0.36 

Two-Stage Constant Tip Fans 










- Case 1 

0.438 

467 (1533) 

5341 

+ 0.2 

- 0.5 

- 20 <- 45) 

- 6.8 (- 15) 

- 0.3 

+ 0.20 

- Case 2 

. 0.400 

463 (1S20) 

5336 

+ 0.9 

+ 0.5 

- 44 <- 97) 

- 7.3 (- 16) 

- 0.4 

♦ 0.48 

- Case 3 

0.350 

454 (1489) 

5214 

+ 1.9 

- 0.6 

- 76 (-168) 

- 9.5 (- 21) 

- 0.4 

+ 0.79 



In summary, the evaluation of the various fan configurations in terms 
of the total low pressure system leads to the conclusion that the two— stage, 
constant— tip fans are distinctly more attractive. 


Results of Rear Block Fan Parametric Screening Study 

The rear block fan parametric screening study was conducted for a nominal 
single stage fan as shown in Figure 23. The results of the parametric investi- 
gation are listed in Table VIII and displayed graphically in Figures 24—29. 

The trends are generally similar to those seen in -the front block screening 
study. Aspect ratio and solidity variations reflect only a change in the 
rotor level since the stage, as currently conceived, does not employ a stator 
vane row immediately domstream of the core-driven fan rotor. Instead, the 
core inlet guide vane will serve as the- stator for the core flow portion and a 
fixed vane row in the inner bypass duct will remove the sx«.rl in the outer 
portion. The nominal fan rotor is assumed to have titanium blades and no 
shrouds. The fan efficiency and tip speed results plotted in Figures 24-29 
show that the low aspect ratio and the high IGV exit swirl cases have the best 
efficiency potential. The variations in rotor solidity and stage exit Mach 
number’ were of little consequence to the stage performance. The level of flow 
per unit annulus area is restricted by the amount of diffusion required 
between the front and the rear block fans and between the rear block fan and 
the core. The inlet radius ratio was also somewhat constrained due to the 
size of the core compressor and the minimum length desired between the over- 
hung core-driven rear block rotor and the core compressor rotor. 

A- cursory look at the core compressor design for the AST engine was 
necessary since the rear block fan RPM would have to be compatible with the 
speed required by the core. A preliminary design study was conducted using a 
5— stage compressor operating at the cycle design pressure ratio of 4.44. Two 
flowpaths were evaluated and are compared in Figure 23 along with the nominal 
rear block fan flowpath-. One has a constant-hub radius, the other a, slight 
hub convergence,' The constant— hub radius flowpath configuration would require 
a core design physical speed of approximately 7690 RPM. The modified hub 
flowpath compressor would require about 4% less speed (7366~ RPM) idiich would 
ultimately mean .&■ lighter weight high pressure turbine. For this reason, it 
was desirable to choose a rear block fan configuration close to the lower RPM 
value. The selected- rear block fan has a physical RPM of 7225, giving a cor- 
rected tip speed of 413 m/sec (1355 ft/ sec) . 


C- Study of Variable Geometry Concepts for Optimum Off-Design Performance 

An investigation of the effect of the level and the radial distribution of 
swirl ahead of the front fan rotors on key aerodynamic parameters was carried 
out at the aerodynamic design point and at the supersonic cruise condition. 
These studies were conducted to assist in the selection of the design swirl 
and also to provide information on the location and type of variable geometry 
that is desirable from an aerodynamic standpoint. 
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Table VIII. AST Rear Block Fan Screening Study, Summary of Core-Driven 
Fan Stage Aerodynamic Design Data. 


Configuration 

Adiabatic 

Efficiency 

Corrected 
Tip Speed 
ra/sec (fps) 

Physic al 
Speed 
rpm 

Rotor Tip 
Diameter 
m (in.) 

Nominal 

0.860 

413 (1355) 

7225 

1.28 

(50.4) 

Low Aspect Ratio (ARR = 1.2) 

0.873 

394 (1294) 

6900 

1.28 

(50.4) 

High Aspect Ratio (ARR = 2.0) 

0.836 

439 (1439) 

7673 

1.28 

(50.4) 

Low Solidity (Rotor Sol. = 1.4) 

0.858 

418 (1370) 

7305 

1.28 

(50.4) 

High Solidity (Rotor Sol. = 1.9) 

0.861 

406 (1331) 

7097 

1.28 

(50.4) 

Low Flow/ Annulus Area [175.8 (36)] 

0.854 

436 (1431) 

7378 

1.32 

(52.1) 

High Flow/ Annulus Area [195.3 (40)] 

0.858 

402 (1320) 

7174 

1.25 

(49.4) 

Low Inlet Radius Ratio (0.60) 

0.864 

417 (13 68) 

7679 

1.22 

(47.9) 

High Inlet Radius Ratio (0.70) 

0.859 

406 (1332) 

6674 

1.36 

(53.6) 

Low Exit Mach No. (0.45) 

0.857 

422 (1383) 

7374 

1.28 

(50.4) 

High Exit Mach No. (0.55) 

0.863 

405 (1328) 

7081 

1.28 

(50.4) 

IGV Exit Swirl = 8° 

0.875 

418 (1370) 

7305 

1.28 

(50.4) 

IGV Exit Swirl = 12° 

0.880 

422 (1386) 

7390 

1.28 

(50.4) 

IGV Exit Swirl = 20° 

0.882 

445 (1459) 

7779 

1.28 

(50.4) 



For the variable cycle engine, flow modulation through the use of vari- 
able geometry inlet guide vanes (IGV) is required to achieve the best compro- 
mise of design and off-design aerodynamic performance. At off-design condi- 
tions, the IGV's are closed from the design angle settings and introduce a 
radial gradient of streamline axial velocities and therefore create an un- 
desirable incidence angle distribution on the downstream rotor. The study 
was intended to identify the type and location of variable geometry lidiich 
would significantly alleviate this radial mismatch of the flow. 

The variable stagger stator, vhich is widely used and relatively simple, 
served as a bench mark for evaluating the aerod 3 mamic desirability, mechanical 
complexity and reliability of other forms of variable geometry. Off-design 
calculations were made using stator exit flow angles and stator leading edge 
metal angles which would result from the use of variable stagger stators. The 
resulting incidence angles and aerod 3 mamic loadings served as a basis for com- 
parison with the other variable geometry concepts investigated. 

Some of the other variable geometry concepts ^diich were considered in this 
screening study are: (1) Tandem cascades, including flap-type guide vanes and 

stators to achieve the effect of variable camber, and (2) configurations which 
achieve some radial variation of effective closure by having a radial variation 
of solidity of the movable portion, and (3) a circumferentially-leaned inlet 
guide vane . 


Off-Design Analysis Model 

The Ax i symmetric Data Analysis program (ADA) is the analysis version 
of General Electric's primary aerodynamic tool, the Circumferential Average 
Flow Determination ( C AFD ) program. A numerical solution of the exact radial 
equilibrium equation, continuity equation, and energy equation is found ^diich 
yields circvimferentially-averaged velocity and thermodynamic property distribu- 
tions throughout the annulus. The total-pressure loss coefficients and 
deviation angles can either be obtained by an optional correlation built into 
the program or be separately specified. 

The built-in correlation which varies the design values of loss coeffi- 
cient and deviation angle with incidence angle, Mach number and aerodynamic 
loading was used for evaluating variable geometry swirl distributions at off- 
design conditions. The efficiency prediction model of the Compressor Uni- 
fication 'Study (CUS) was also employed to help select the endwall boundary 
layer displacement thickness, which is an input to ADA, and also served as 
a check on the loss coefficients obtained from the cascade option of ADA. 


Variable Geometry Concepts Study 

Axisymmetric Data Analysis (ADA) program calculations were made- at the 
design point and at the supersonic cruise condition of the front block fan 
for several different levels and radial distributions of design swirl ^ The 
supersonic cruise condition is a representative off-design case where the 
corrected speed is 79 percent of the aerodynamic design speed. Ihe inlet 
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guide vanes are closed approximately 39 degrees at this condition to match 
the inlet requirements and to obtain good stall margin. The off-design swirl 
level was varied radially to evaluate the radial shift in incidence angle and 
aerodynamic loading. The nominal two stage fan with an inlet radius ratio 
of 0.438 and a tapered casing flowpath was used as the basic fan configuration 
for most of the off-design calculations. 

As one means of evaluating the off-design incidence angle distributions, 
the flow angle leaving the IGV is increased from the design by the same 
amount at all radii, simulating the use of a conventional variable stagger 
guide vane. Cases where the amount of flow angle closure varied radially at 
the off-design condition were also studied. A combined strut and flap type 
inlet guide vane with a fixed leading edge portion (strut) and a variable 
trailing edge portion (flap) of varying chord lengths were used to simulate 
these flow angles. 

An inlet guide vane configuration that was leaned in the circumferential 
direction was investigated in an attempt to reduce the large rotor tip inci- 
dence angles at the supersonic cruise condition. The IGV was envisioned as a 
strut/ flap type configuration that imparted no swirl at the design condition. 
At the supersonic cruise condition, the flap was closed to effect about 40 
degrees of pre-swirl at the pitchline. The flap tapered off to zero chord at 
the outer diameter, and added no swirl to the flow in either the closed or 
nominal position. The hub swirl was 10 degrees in the closed position. The 
pressure side of the closed vane was leaned downward 40 degrees at the mean 
radius so that a radially inward blade force was directed on the flow. 

Relative to a radial vane, the leaned vane will tend to increase the static 
pressure in the hub region and decrease it at the tip. The reduced static 
pressure in the outer portion of the flowpath will increase the meridional 
Mach number and t end t o reduce the tip incidence angle. 


Results of Off-Design Analysis 


The off-design analysis program (ADA) was run for the nominal cwu-stage 
fan with three different levels of rotor 1 inlet design swirl. The design 
swirl distributions included: (1) a radially constant zero degrees, (2) 

a linear variation from 10 degrees of preswirl at the tip to 10 degrees 
of counterswirl at the hub, and (3) a linear variation with 10 degrees of 
counterswirl at the tip to 10 degrees of pre-swirl at the hub . Other more 
radical distributions of swirl were studied but did not show a positive gain 
in alleviating the off— design incidence angle problem. The design point 
parameters of inlet Mach number and diffusion factor are shown in Figure 
30 and 31 for rotor one and stator one, respectively. Each of these design 
swirl distributions was run at the supersonic cruise off-design speed. In 
order to match the supersonic cruise airflow required by the cycle, the inlet 
guide vanes had to be closed approximately 38. degrees. The off-design inci- 
dence angles .and diffusion factors for the design zero degrees swirl case are 
shown relative to the design values in Figures 32 and 33 for the first rotor 
and stator, respectively. The data shown represent three radial distributions 
of IGV turning angle, presupposing an IGV configuration which had some radial 
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variation of solidity. Each radial distribution is identjLfied by a symbol 
representing a different radial variation. of turning angle. At the O.D., 
all three types show approximately 10 degrees of rotor 1 incidence or a 7 
degrees shift from the design point. If the flow angle leaving the IGV is 
increased from the design by the same amount at all radii (as is approxi- 
mately done for a conventional variable stagger guide vane), the hub in- 
cidence angle gets smaller than design and moves toward choke. Less 
closure of the IGV at the hub than at the pitch helps to keep the hub in- 
cidence angle nearer to the design value. The configuration which produces 
more IGV turning at the tip and less at the hub relative to the pitch results 
in the least incidence angle swing on stator one. The first rotor D-factors 

design when the guide vanes are closed and stator one D-factors 
siiirt from design largely in the pitch region. 

The off-design rotor incidence angles were also calculated for other 
design IGV swirl angle distributions, including the linear distribution of 10 
degrees pre-swirl at the tip to 10 degrees counterswirl at the hub. The re- 
sulting off-design incidence angles on the first rotor at the supersonic 
cruise speed condition are shown in Figure 34. Three radial variations of IGV 
closure were investigated. The large positive incidence angle swing from 
design at the tip is still prevalent and no indication of a significant reduc- 
tion in the radial mis-match problem is apparent. Figure 35 shows the rotor 
incidence angle comparison between design and supersonic cruise when the fan 
is designed for an IGV swirl distribution that has 10 degrees counterswirl at 
the tip, 0 degrees at the pitch and 10 degrees pre-swirl at the hub. This design 
combination has the favorable effect of reducing the rotor tip incidence angle at 
the cruise condition by approximately two degrees. However, this improvement is 
at the expense of an increase of approximately 0,10 rotor tip relative Mach number 

^ condition, which would have an adverse effect on the high speed 

efficiency. It was judged that the reduction in high speed efficiency made the 
choise of this combination undesirable. 


The effect of the circumferential lean added to the IGV hub was insigni- 
ficant in reducing the off-design rotor 1 tip incidence angle. 


Summary of Off-Design Swirl Investigation 

No swirl distribution was found that had a marked effect on lowering 
the rotor incidence angle at the supersonic cruise condition with 
the IGV closed. 

The design swirl distribution which, had 10 degrees counterswirl at 
the tip, 0 degrees at the pitch, and 10 degrees preswirl at the hub 
had the lowest calculated tip incidence angle at the supersonic 
cruise condition, but also had a higher rotor tip relative Mach' number 
the design condition which would have an adverse effect on the 

high speed efficiency. Because of the latter, this combination was 
judged undesirable. 


25 



• Comparisons of the low inlet radius ratio designs with the 0.438 
nominal case indicated that there was not any significant difference 
in the off-design incidence angle at the rotor tip but the low 
radius ratio fans had a more negative incidence angle (hence, less 
favorable) at the hub. 

• Circumferential lean added to the IGV at the I.D. had no significant 
effect on reducing the rotor tip incidence angle. 


D. Recommended Fan Configuration 


The 0.35 and 0.40 inlet radius ratio, constant-tip fans gave the best 
aircraft range and would probably be less expensive than the three-stage fans. 
While these low radius ratio designs had a somewhat larger radial gradient 
of rotor incidence angle at the supersonic cruise condition than the nominal 
fan, it is believed that the superior design point efficiency favored a radius 
ratio lower than 0.438. However, there was concern that the 0.35 inlet radius 
ratio configuration might involve mechanical design constraints that were not 
revealed in the very preliminary study used to determine the fan weight. 
Therefore, the 0.40 inlet radius ratio configuration was believed to be the 
best all around choice considering the design point performance, the off-desigr 
operation, and the degree of mechanical design risk. 

The fan configuration recommended for the AST variable cycle engine as a 
result of this study program consists of a two-stage front block fan and a 
single stage rear block driven by the high pressure turbine. The flowpath of 
both fan blocks, the interconnecting duct and a portion of the bypass duct is 
shown in Figure 36. The important aerodynamic design parameters are: 


Recommended Fan Configuration 
Aerodynamic Design Point Parameters. 


Parameter 


Front Block 


No. of Stages 

Corrected Flow, Kg/ sec (Ibm/sec) 

Flow per Annulus Area, Kg/ sec m^ (Ibm/sec ft^) 
Inlet Radius Ratio 

j 

Corrected Tip Speed, m/ sec (ft/ sec) 
Total-Pressure Ratio 
Adiabatic Efficiency Objective 
Stall Margin Objective % 

Exit Mach No. 


2 

372.0 (820) 

205.0 (42.0) 
0.40 

467 (1532) 
3.17 
0.865 
22 
0.48 


Rear Block 
1 

139.7 (308) 
187.9 (38.5) 
0.65 
413 (1355) 
i.48 
0.860 
22 
0.52 
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The front block fan flowpath has a constant tip diameter of 165.8 cm 
(65.3 in.) through the first stage and a slight casing taper (2.5° slope) 
through the second stage to help reduce the large radius drop in the transi- 
tion duct to the rear block. The inlet guide vane (IGV) configuration is 
the variable camber type with a fixed leading edge portion and a variable 
trailing edge flap. At the aerodynamic design point, the guide vane imparts 
no swirl at the rotor leading edge. The off-design calculations indicated 
some advantage for using a lower IGV flap solidity at the hub so that less 
flow-turning is accomplished at the I.D. when the IGV is closed from the 
design setting. However, this is contrary to some test experience within the 
General Electric Company. Consequently, the selected IGV flap solidity will 
result in approximately a constant radial distribution of swirl when closed 
from the design setting. The first stage stator vane will be a conventional, 
variable stagger type stator. The design swirl ahead of rotor 2 will be a 
radially constant 5 degrees. At off-design, the stator will be closed a max- 
imum of 20 degrees to help the off-design performance. .Stator 2 will be a 
circumferential ly-leaned vane fixed at both ends with the trailing edge 
angles designed to turn the flow back to the axial direction. 

The rear block fan will also employ a variable camber type inlet guide 
vane with no swirl ahead of the core-driven rotor at the design point. 

The recommended fan configuration was selected primarily from the results 
of the parametric screening studies. The constant-tip flowpath fans provided 
for the best low pressure system, utilizing the attractive features of low 
speed, low inlet radius ratio and low inlet specific flow. The only issue to 
be decided was how low the inlet radius ratio should be. Based on the variable 
geometry study at off-design conditions, the very low radius ratios did not 
show good off-design performance because of a more severe radially mismatch of 
the flow. An inlet radius ratio of 0.40 was chosen. The rear block fan was 
limited somewhat by the restrictions imposed upon it by the high pressure (HP) 
system. _ The primary concern was choosing a stage which would be compatible in 
speed wxth the HP compressor and be positioned to avoid large flowpath slopes 
and curvatures. 
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SECTION IV 


AERODYNAMIC DESIGN 


A. Design Calculation Procedure 

The General Electric Circumferential Average Flow Determination (CAFD) 
computer program was used to determine the circumferential- average flow 
properties for the front and rear block fans at their respective aerodynamic 
design points. The CAFD calculation procedure is outlined in Reference 2, 

In addition to calculation stations at the blade row edges and in the ducts 
upstream and downstream of the fan blocks » calculation stations interior to 
the rotor and stator blades were included to improve the overall accuracy of 
the solution by taking into account the effects of blade thickness blockage, 
lean angle and energy (rVg) addition on the streamline slopes and curvatures. 
The intra— blade calculation stations also aid in the determination of the 
rotor blade meanline shapes. 

Uie chordwise energy addition assumed for the front block rotors is linear 
from leading to trailing edge for the tip streamline. For the streamlines 
where the inlet relative Mach number is sonic or less than sonic, a chordwise 
rVg distribution approximating the first quarter cycle of a sine wave was 
assumed. The radial variation is linear from the tip streamline to the loca- 
tion where the quarter sine wave is used. The selection of the linear work 
input distribution in the tip region is generally consistent with measured 
static pressure data from other high Mach number rotor blade tip sections. 

The quarter sine wave distribution was assumed for all the streamlines of the 
rear block fan. 


In applying the CAFD procedure to these fan designs, an effective area 
coefficient that accounts for the displacement thickness of the wall boundary 
layer and the wakes from the upstream blade rows was used. Values of effective 
area cdefficients were selected from past experience and from the values in- 
dicated by the Compressor Unification Study. A radially constant value was 
used in the axial space between blade rows and varied linearly from leading to 
trailing edge through the blades. Upstream of the front block fan, a value 
of 0.985 was assumed. At the inlet to the first rotor, the coefficient is 
0.975 and is then reduced to 0.950 at the front block exit. For the rear 
block fan design point, the effective area coefficients were assumed to vary 
from 0.945 at the guide vane inlet, to 0.940 at the rotor inlet and 0.93 at 
the rotor exit. 

The axisymmetric flow calculation for the front block fan included 
stations far upstream and and also, doxmstream in the outer bypass duct and 
the transition duct to the rear block fan. Fourteen (14) streamlines including 
a double, splitter— stagnation streamline were used for the design calculation. 
The rear block design point calculation included stations from the front block 
fan exit through the core compressor first stage and also through the inner 
bypass duct. An inlet profile of total pressure and total temperature were 
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used at the initial calculation station simulating the front block exit condi- 
tions at the rear block design point. To represent the flow through the rear 
block, eleven (11) streamlines, including a double streamline for the inner 
flow splitter, were used. 

A list of the axisymmetric flow calculation results for the front and 
rear block fan design points is included in Appendix B, 


B. Flowpath 


Ihe front block fan inlet ”hub/tip radius of 0.40 and the inlet“s^ecific “ 
flow rate of 205 kg/ sec m^ (42 Ibm/sec ft^) were selected to minimize 
the required fan size and nacelle diameter. The tip flowpath contour through 
the first stage is a constant diameter of 165.81 cm (65.28 in.) in the full 
AST engine size of 376.95 kg/ sec (820 Ibm/sec). A large increase in the 
hub radius across the first rotor enhances the pressure rise capability of 
the fan at a moderate level of inlet corrected tip speed, 467 m/sec (1532 
ft/sec) . The flowpath for both the front and rear block fans and the bypass' 
and transition ducts is shown in Figure 35. 


The flow is split downstream of the front block and at the front block 
fan design point 35.5 percent of the total flow is bypassed through the 
outer duct. The remaining flow passes through the rear block fan operating 
off-design at a high corrected speed with the inlet guide vanes (IGV2) 
closed approximately 45. degrees . The flowpath of the transition duct under- 
goes a considerable change in hub radius from the exit of the front block to 
the inlet of the rear block fan rotor where the hub/tip radius ratio "is 
0.65. A slight increase in hub radius is made through the core-driven rotor 
to a cylindrical hub section just ahead of the core compressor. Ihe flow 
IS split again downstream of the rear block fan with 93.5 percent passing 
through the core compressor. 

At the aerodynamic design point of the rear block fan, the front fan is 
low-flowed and nearly the entire amount of inlet flow is directed into the 
rear block. The rear block fan and duct flowpaths are shown in greater detail 
in Figure 37. For calculation purposes, it was assumed that 2 percent of the 
inlet flow was bypassed through the outer duct. The remaining flow of 139.7 
kg/ sec (308 Ibm/sec) represents the maximum flow that passes through the rear 
block fan anytime during the AST engine cycle. The flow is split downstream 
of the fan such that 25 percent is bypassed through the inner duct and 75 
percent is passed through the core. At the aerodynamic design point, the 
specific flowrate is 188 kg/ sec m2 (38.5 Ibm/sec ft2) . The design pressure 
ratio is 1.48 at a corrected tip speed of 413 m/sec (1355 ft/ sec). The 
maximum physical speed of this stage is 518.2 m/sec (1700 ft/sec) occurring 
at the supersonic cruise condition. 

. The flowpath coordinates of the front and rear block fans, the bypass 
ducts and the connecting transition duct are tabulated in Appendix A. The 
selection of the design parameters for each fan is discussed below. 
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C, Design Parameters 


1. Front Block Fan 

The radial variation of design total— pressure ratio at the exit of 
the front block fan rotors is shown in Figure 38. The total-pressure leaving 
the hub of the first rotor was specified to be about 5 percent higher than 
the tip value to increase the meridional velocity entering the second stage 
and hence reduce the hub loading of that stage. Past experience with fans 
of this type indicates that this is the region which usually initiates stall 
at the higher corrected speeds. The profile is radially constant behind 
the second rotor to minimize the radial gradient of total pressure into 
the rear block fan. The adiabatic efficiency profiles at the stage exit 
stations are shown in Figure 39.. 

The total-pressure loss coefficients for the front block rotors and 
stators are shown in Figure 40. The values in the pitchline region are 
consistent with the free stream profile losses calculated by the efficiency 
model used in the screening studies and reported in Reference 1. The end-wall 
loss coefficients shown in Figure 40 are comparable to other, recently-tested, 
high Mach number fan designs. The rather large loss coefficient at the hub 
of the first rotor was assumed because of the concern for the higher than 
normal through-flow velocity in the hub region where the blade blockage is the 
greatest. 

Hie design rotor and stator inlet Mach numbers and diffusion factors 
resulting from the design point axis 3 raimetric flow calculation are shown in 
Figures 41 and 42. The calculation procedure was carried out with the rotor 
inlet design swirl levels of zero degrees at rotor 1 and 5 degrees at rotor 2 
inlet, both being constant valu es from tip to hub. Figure 41 shows the first 
rotor inlet tip Mach number at a level of 1.64 and remaining greater than sonic 
for the outer 85 percent flow region. The second rotor has Mach numbers 
greater than 1.0 over the entire span. The stator inlet Mach numbers, also 
shown in Figure 41, indicate a rather high value (0.97) at the first stator 
inlet. The level of Mach number shown for stator 2 reflects a considerable 
reduction due to the addition of circumferential lean in the hub region. 

The discussion of stator 2 lean will be taken up in the Airfoil Design 
Section. 

The design point diffusion factors are shown in Figure 42. The first 
stage rotor is slightly more heavily-loaded over most of the span than the 
second stage, with the loading dropping off rapidly at the hub due to the 
high local flowpath curvatures. The highest loading on stator 1 occurs in 
the hub region vdiere the inlet Mach numbers are the largest. Over most of 
the stator -span however, the loadings are moderate at levels less than 0.40. 

The second stage stator loadings are slightly larger than stage 1 since the 
vanes turn the flow back to the axial direction whereas stator 1 leaves a 
radially constant 5 degrees of swirl. 
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2 . 


Rear Block Fan 


Hie total-pressure ratio and adiabatic efficiency profiles for the rear 
block fan at its design point are shown in Figure 43. The tip total-pressure 
for this stage is also specified lower than the average so that the pressure 
of the bypassed flow is kept to a minimum and can be matched with the outer 
duct pressure more easily. Also, to achieve a high specific thrust, the core 
flow is supercharged to a greater degree by having a higher than average hub 
total-pressure. The average stage total-pressure ratio at design is 1.48 at 
an adiabatic efficiency of 86 percent. 

At the aerodynamic design corrected inlet flow of 139.7 kg/ sec (308 
Ibm/sec), the velocity diagrams were calculated using the CAFD program. The 
design point inlet relative Mach numbers, loss coefficients and diffusion 
factors are shown in Figure 44. 


D. Airfoil Design 
Rotors 


The front block fan rotor blade airfoil sections were specifically 
tailored for each streamline section. In the outer portion of the blades, 
where the inlet mach numbers are supersonic, the airfoils were shaped in an 
attempt to minimize shock losses. In the hub region where the relative Mach 
numbers are approximately 1.00 or less, airfoils similar to a double-circular 
arc were used. The design relative Mach numbers introduced in the previous 
section are shown in Figure 41. The design of the rotor blade sections was 
performed along axisymmetric stream surfaces with the surfaces viewed along 
a radial blade axis using the General Electric Streamsurface Blade Section 
program. 

Hie rotor blade incidence angles are shown in Figure 45. With supersonic 
relative Mach numbers, the blade inlet region sets the amount of flow the 
cascade can pass, provided the throat area is not limiting. The blade suction 
surface upstream of the Mach wave \diich intersects the leading edge of the 
adjacent blade was offset a small amount from the "free-flow" streamline 
to account for the effects of leading edge thickness, bow wave losses and 
boundary layer build-up. The "free- flow" streamline is the direction of the 
flow if there were no disturbances or blade forces. Figure 46 shows the 
location of the free flow streamline for a rotor 1 streamline airfoil section 
near the tip. Figure 47 shows the rotor 1 streamline airfoil section near the 
hub. Other information on Figures 46 and 47 will be discussed later. After 
establishing the suction surface of the airfoil for the outer portion of the 
blades in this manner, relatively little freedom remains for the incidence 
angle selection. The incidence angles in the extreme hub region were selected 
large enough to permit sufficient passage throat areas. 

The trailing edge angles were established by calculating Carter's Rule 
deviation angles using the camber of an equivalent two-dimensional cascade 
and applying an adjustment factor derived from past experience. The rotor 
deviation angles are shown in Figure 45 (including adjustment), along with the 
empirical adjustments to Carter's Rule which were utilized. 
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The passage throat areas were set such that the effective throat-to- 
capture area ratio exceeded the critical area ratio by approximately 6 per- 
cent at all streamlines after allowances for losses of a normal shock at 
the upstream Mach number. The throat areas represent a compromise of the 
desire to have a small throat, for the best design point efficiency b ut suff i- 
ciently large to permit good off-design performance. The throat-to- 
capture area ratios for each rotor streamline are shown in Figure 48. 

For operation with an oblique leading edge shock, the ratio of the 
contraction from the cascade mouth to the throat (see Figures 46 and 47 
for mouth and throat locations) must not exceed the critical contraction 
ratio including normal shock losses at the mouth Mach number. The amount by 
which the passage area exceeds the limiting contraction ratio is referred to 
as starting margin. The calculated internal contraction ratios and margins 
for each rotor streamline are plotted versus mouth Mach number in Figure 49. 

The airfoil shape for each streamline section is dependent upon the 
chordwise thickness distribution and meanline blade angles. For the front 
block fan rotors, the maximmn thickness-to-chord (Tm/c) ratios and their 
radial distributions are primarily dependent upon mechanical and aero- 
mechanical considerations. The rotor blade chord and tm/c distributions 
are shown in Figure 50. Briefly, the Tm/c for both rotor tip sections is 
0.025 and at the hub is 0.090 for rotor 1 and 0.070 for rotor 2. The loca- 
tion of the maximum chordwise thickness for both rotors was specified at 
60 percent at the tip. The maximum thickness location moves forward at 
lower radii until the hub streamline is reached where it occurs at 48 per- 
cent chord. The thickness varies from leading edge to the point of maximum 
thickness for all streamlines according to a quarter sine wave distribution 
and then reverses- the distribution from the maximum thickness point to the 
trailing edge. 

The throat-to-exit area ratio parameter was used as a guide in deter- 
mining the passage area distribution in the trailing edge region. Assuming 
that" sonic velocity exists at the passage throat, then the increase in- area 
from the throat to the passage exit (see Figures 46 and 47) should be com- 
patible. with the diffusibn required to reduce the relative Mach number from 
1.00 to the value calculated by the ax i symmetric flow solution at the passage 
exit.. The front block fan rotors were designed intentionally to have smaller 
throat-to-exit area ratios than the diffusion rate would require so that ade- 
quate blade camber would exist. The values of the throat-to-exit area ratios 
are shown in Figure 48 plotted versus the exit Mach number. 

The meanline blade angles are a result of the axisymmetric calculated 
flow angles and the specified angles of departure from the flow direction. 

The incidence and deviation angles are the departure angles at the leading 
and trailing edges, respectively. Between the two edge values, the depar- 
ture angles were specified for each streamline considering the throat margins, 
internal contraction ratios, suction surface Mach manbers and throat-to-exit 
area ratios. In the outer portion of the blade where shocks are present in 
the cascade, slightly negative departure angles can result. In the inner 
portion, where the Mach numbers are subsonic or only slightly supersonic, the 
flow is assumed to follow a path of near-perfect guidance with the airfoil 
shape so departure angles near zero were used as a design guideline. 
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The rear block fan rotor blade design was conducted in a similar manner 
to the front block rotors. The airfoils were specifically shaped for each of 
the ten (10) streamlines using the Streamsurface Blade Section (SBS) program. 
The tip and hub streamline airfoil sections generated by the SBS program are 
shown in Figures 51 and 52. The -incidence angles for the supersonic inlet Mach 
number streamlines were selected after establishing the suction surface of 
the airfoil relative to the "free- flow" streamline, as was described earlier. 
The hub incidence angles were chosen compatible with the required throat mar- 
gins. The deviation angles were calculated from Carter's Rule using the cam- 
ber of an equivalent two-dimensional cascade with an empirical adjustment. 

The incidence, deviation and adjustment angles are plotted versus streamfunc— 
tion in Figure 53 . 

The rear block fan airfoil sections were defined on streamlines by speci- 
fying the thickness and blade angle along the meanline of the streamsurface. 

The maximum thickness- to-chord ratio varied linearly from 0.025 at the tip to 
0.070 at the hub as shown in Figure 54. The thickness was applied to each 
streamline from leading to trailing edge according to Che first quarter cycle 
of the sine wave. The blade angles resulted from the difference between the 
calculated flow angles and the departure angles. The departure angles are 
compatible' with the considerations of throat margin, internal contraction 
ratio, suction surface Mach number, and throat— to-exit area ratios. The throat 
margins were specified at approximately 5 percent for all streamlines. 

Figures 55 and' 56 show the throat margins and area ratio parameters for each 
streamline'. 

The manufacturing section coordinates for the front block and rear block 
rotor blades are tabulated in Appendix C. Five sections from tip to hub are 
listed for the front block rotor and three sections for the rear block rotor. 


Stators 


The first stage stator vane sections are double circular-arc airfoils. 

The stage 2 vanes are NACA 65-series thickness distributions on circular-arc' 
meanlines. The stage 2 vanes were leaned circumferentially with the pressure 
sid'e down to reduce the stator hub exit Mach number. Both vane rows have 
moderate levels of aspect ratio (2.6 on stage 1 and 1.9 on stage 2) and 
have pitchline solidities of 2.0. A correlation of the NASA low speed 
cascade, data was used as a guide in selecting vane incidence angles at 
design. The stage 1 incidence angles were set identical to the low speed 
data values and provided throat margins of approximately 10 percent at the 
outer dimeter (O.D.) decreasing to 4 percent at the inner diameter (I.D.). 
Stator 2 incidence angles were set less than a degree more negative than the 
NASA data since ample throat margins of 14 percent at the O.D. and 9 percent 
at the I.D. were calculated. The deviation angles were obtained from Carter's 
Rule as described for the rotors; however, no empirical adjustment was made 
for either vane row. The incidence and deviation angles for both stators are 
shown in Figure 57. 
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The Streamsurface Blade Section (SBS) program was employed for the stator 
vane design as well as for the rotors. Figures 58-61 show the tip and hub 
streamline sections for stator 1 and 'stator 2. The passage area distribution 
is shown as well as the throat, mouth and exit locations. The vane maximum 
thickness-to-chord ratios and chord distributions for both stators are shown 
in Figure 62. 

While the circumferential lean of stator 2 was primarily used to lower 
the stator hub exit Mach number and hence reduce the amount of diffusion re- 
quired in the downstream duct, there was also a beneficial reduction in the 
Mach number entering the stator. The downward radial force on the flow im- 
posed by the leaned vane increases the static pressure and- thereby, reduces 
the Mach number. The amount of lean selected for the final vane configura- 
tion varied from 0 degrees at the tip to 25 degrees at the hub. No lean was 
specified at the O.D. to avoid an undesirable acute angle between the vane 
suction surface and the casing flowpath. The lean affected the level of Mach 
numbers at the tip and hub streamlines for both the second stage rotor and 
stator. Although there is no lean locally at the tip, the radial gradient of 
lean produces a slight increase in the tip Mach numbers. In the hub region, 
however,, the absolute Mach number at the leading edge of stator 2 was .reduced 
from 0.82’ to 0.74. The effect on the stator aerodynamic loadings is minimal 
at the tip and causes only a slight increase in the hub region. 

Stator vane airfoil manufacturing sections were defined on flat plane 
surfaces stacked on a radial vane axis through the 50 percent meanline chord 
location. The manufacturing section coordinates for four sections at the tip, 
near tip, pitch and hub for both stators are listed in Appendix C. 


Inlet Guide Vanes 


The inlet guide vane configurations for both fan blocks employ variable 
camber geometry with the leading edge portion (strut) fixed and the trailing 
edge portion (flap) variable. The blading setting or design point for each 
IGV was chosen at a condition for which the flap is closed 5 degrees relative 
to its position at the aerodynamic design points. It was felt that designing 
the IGV at this condition would provide a more nearly optimum IGV airfoil over 
the anticipated range of operation. 

The inlet guide vane meanlines were made continuous as though the fixed 
strut and flap portions were a single airfoil. At the vane design setting 
point, the section meanlines are close approximations of the A^Kg mean- 
line. 


The thickness distribution over the first 70 percent of the strut chord 
was scaled to correspond to the first 35 percent of the chord of a NACA 63- 
series thickness distribution, while the remaining 30 percent of strut chord 
was held at a constant thickness. The flaps employ the NACA 0010 basic thick- 
ness distribution. The manufacturing section airfoil coordinates for both fan 
inlet guide vanes, specified separately as. strut and flap sections, are listed 
in Appendix C. 
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SECTION V 


PRELIMINARY MECHANICAL DESIGN 


A. Rotor Design 


Preliminary design of the front block fan rotor was conducted to achieve 
a mechanical configuration meeting the typical engine hardware objectives of 
high reliability, durability, safety, ease of maintenance and ease of assembly. 
These objectives insure the mechanical integrity and operational life of the 
rotor. Design techniques and procedures were concentrated on the following 
goals to achieve the above objectives. 

• Assure the absence of low integral order first flexural and first 
torsional -resonances in the high speed range. 

• A minimum first flexural frequency margin of 15 percent with 
respect to two/rev excitation at maximum operating speed. 

• Assure the absence of responsive airfoil panel. mode resonances 
with known or anticipated sources of excitation, such as airfoil 
row passing frequency, two/rev inlet distortion, struts, probes, 
rotating stalls, etc., in the operating speed range. 

• Avoid prohibitive levels of self-excited airfoil vibration of an 
aeromechanic al nature (in the unstalled operating range); specifi- 
cally, instability vibration and separated flow vibration. 

• Insure the critical regions of the airfoil and supporting rotating 
structure have adequate strength to withstand normal operating and 
stall induced stresses. 

• Blade airfoil foreign object impact tolerance.' 

• 4000 hours operating life 

50000 cycles low cycle fatigue life 
10^ cycles high cycle fatigue life' 

• 122 percent burst speed margin over maximum operating speed. 

Consideration of these goals during the rotor preliminary design strongly 
influences design parameters, such as airfoil spanwise chord and tm/c distri- 
butions, the. support pattern of the rotating structure under the airfoil, and 
airfoil attachment to the rotating supporting structure. The rotor mechanical 
design point was the hot day, takeoff condition of 5841 physical rpm (108.9 per- 
cent of the aerodynamic design point) which results in a blade tip speed of 
508.5 m/sec (1668 ft/sec). 
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The preliminary design of the front block, two stage fan rotor meeting 
the above goals is shown in Figure 63 with the material specified. The design 
is mounted off a forward thrust ball bearing. The blades are constructed out 
of 5.6 mil diameter boron/ 1100 aluminum composite. The rotor structure is manu- 
factured from beta forged Ti 17. 

In the initial preliminary design phase, both boron/ aluminum and titanium 
blade designs were considered. The titanium designs did not meet the first 
flex frequency margin over 2 per rev excitation and were flexurally unstable. 

The long, flexible blade shank resulting from the high hub flowpath angle and 
blade airfoil geometry was the main cause of the titanium designs' deficiencies. 
The long, flexible shank did not pose a problem to the boron/ aluminum composite 
with its higher strength-to-weight ratio. Workable titanium designs would in- 
volve either a part-span shroud, increased tm/c distribution, or an integral 
blade and disk configuration (blisk) . The first two were unacceptable from an 
aerod 3 mamic viewpoint. The latter was unacceptable from its reduced maintain- 
ability standpoint not having individually replaceable blades and ifrom its 
increased manufacturing difficulty resulting - from the physical size of the 
first stage rotor. 

The airfoils stress, deflection, and vibration analyses were accomplished 
through the use of the General Electric computer program, TWISTED BLADE (TWBL) , 
which models the airfoil as a tapered, twisted, cambered, cantilevered beam 
undergoing coupled torsion-bending deformation. Several iterations involving 
chord and tm/c spanwise distributions and shank thickness were conducted to 
achieve a reasonable balance between aerodynamic and mechanical design require- 
ments . 

A summary of the selected blades' geometry is presented in Table IX. 

Figures 64 and 65 are the Campbell Diagrams for the stage 1 and stage 2 blade 
designs, respectively. Stage 1 has a 16 percent first flex frequency margin 
over 2 per rev excitation. Stage 2 has a 16 percent first flex frequency mar- 
gin ov'er 3 per rev excitation. Both stages have a possible first torsion 
frequency resonance with the 16 per rev excitation of the inlet guide vanes 
near idle speed. This may dictate a change in the number of inlet guide vanes 
which has only tentatively been set at 16 or produce minor airfoil geometry 
changes. Stability plots for the stage 1 and 2 blades are presented in Figures 
66 and 67. Both blade designs are stable in the unstalled operating range. 

Blade/disk dovetails for stage 1 and 2 are of different configurations. 
Stage 1 dovetail is of the keyhole design which allows the blade to rotate 
tangentially in the dovetail slot during foreign object impact thus absorbing 
energy \diich might otherwise damage the blade. Stage 2 has a conventional dove- 
tail design with 55° pressure face angles and an orientation angle of 20* xdiich 
makes the transition from the moderately staggered root airfoil section to the 
shank easier. 

As can be seen from Figure 63, the stage 1 disk is a ring configuration. 
This design results from the low first stage inlet radius ratio and long blade 
shank to accommodate the high hub flowpath angle. Stage 2 is a conventional 
T-disk design. Wherever possible, disks and shafts are integrally joined by 
inertia welding to minimize material envelopes and eliminate heavy, multi- 
flange bolt joints. 
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Table IX. Fan Blade Geometry Summary. 


Stage 1 Stage 2 


Number of Blades 



28 

42 

L.E. Tip Diameter 

cm 

(in.) 

165.81 

(65.28) 

165.58 

(65.1-9) 

T.E. Tip Diameter 

cm 

(in.) 

165.81 

(65.28) 

164.77 

(.64.87) 

L.E. Hub Diameter 

cm 

(in.) 

66.32 

(26.11) 

111.56 

(43.92) 

T.E. Hub Diameter 

cm 

(in.) 

98.27 

(38.69) 

122.15 

(48.09) 

Inlet Radius Ratio 



0.400 


0.674 


Aspect Ratio (Pitch) 



1.63’ 


1.41 


Airfoil Type 



Arbitrary 

Arbitrary 

Chord , Root 

cm 

( in .) 

25.24 

(9.94) 

17.00 

(6.69) 

Tip 

cm 

('in . ) 

27.99 

(11.02) 

17.46 

(6.87) 

Solidity, Root 



2.500 


1.953 


Tip 



1.504 


1.406 


Tm/c, Root- 



O'. 088 


0.069 


Tip 



0.025 


0.025 


Camber , Root 



98.86“ 


47.00“ 


Tip 



-0.03“ 


5.68“ 


Stagger, Root 



3.14° 


36.18“ 


Tip 



61.15“ 


62.09“ 


Dovetail 



Keyhole 


Sing le 

Tang 

Shroud 



None 


Hone 




The rotor structure design is based on relating operating stresses and 
temperatures to require fatigue, creep and rupture life for -3o material 
properties . 

Stress Analysis was accomplished using General Electric's "CLASS-MASS" 
computer program which analyzes shells of revolution for either axisynnnetric 
or non-axisymmetric loading. Resultant rotor structure stress and assumed 
temperatures for 5841 rpm are shown in Figure 68. 


B . Structure Design 


The major portion of the stators and structures design effort was concen- 
trated on the stator 1 and 2 preliminary frequency and stress analysis. Vane 
analysis was accomplished using the General Electric twisted blade program. 

In terms of vibration, it is impractical to keep all vane frequencies out of 
the operating range with this high speed fan design. Therefore, the frequen- 
cies remaining in the operating range are those which are typically hard to 
excite as. opposed to the first fundamental modes. 

The frequency analysis of the original aero design vane coordinates with 
an average 0.068 tm/c for both stator 1 and stator 2 resulted in the vanes 
having a two-strxpe“Tre^ency moHe~Cc&61cdwIse“bend'ingT~xn “the fan”operahing ~ 
range:' The Campbell diagrams for these stators are shown in Figures 69 and 70. 
Based on previous engine. test data, the two— stripe mode is a very detrimen- 
tal and easily excitable mode of vibration. Therefore, it is imperative that 
this mode of vibration be driven out of the operating range on new engine vane 
designs. Based on empirical equations derived from previous engine test data, 
a recommended parameter for these vanes required that thickness be increased 
75% on stator 1 and 44% on stator 2. These large increases in airfoil thick- 
nesses are undesirable from an aerodynamic design viewpoint because of the 
high airflow velocities associated with this fan. 

Analysis was then conducted on various airfoil configurations in an at- 
tempt to minimize the additional thickness increases yet still ensure mechani-. 
cal integrity in terms of airfoil vibration. The configuration chosen \diich 
is most suitable for the aero design vane configuration and the mechanical 
requirements is a hollow vane design. Both stator 1 and stator 2 were ana- 
lyzed using an approximate wall thickness of 0.060 in. with solid leading and 
trailing edges and solid base sections. The material chosen for the vanes is 
titanium (Ti) 6-4. 

The resulting vane frequencies are displayed in Figures 71 and 72. For 
both vanes the two-stripe mode is out of the operating range. These configura- 
tions essentially meet the original aerodynamic requirements for pitchline 
maximum thicknesses of 0.932 cm (0.367 in.) for stator 1 and 0.665 cm (0.262 
in.) for stator 2. As seen in the Campbell diagram for stator 1, the second 
flex and second torsional modes are in the operating range at the rotor 1 
excitation crossover points. These rotor 1 crossover points are the prime 
source of stator vane excitation and it is desirable, but not necessary. 
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to keep all frequencies out of this operating range. Based on previous ex- 
perience, these two frequencies are difficult to excite and should present 
little if no vibratory problems. The other stator 1 frequency in the opera- 
ting range is the third torsional mode which would be excited by the rotor 2 
crossover. This mode is also difficult to excite and the rotor 2 excitation 
force should be minimal since it is downstream of stator 1. For stator 2, 
the prime source of excitation is the rotor 2 crossovers. The frequency in 
this range is the third torsional mode which requires a high driving force 
to cause excitation. Since this mode is in the operating range, the point 
of crossover should be kept at as low a fan speed as possible. No problems 
are anticipated with either the stator 1 or stator 2 configurations. 

Steady state stress results are shown in Figures 73 and 74 for the stator 
1 and stator 2, respectively. The stresses are a resultant of aerodynamic 
loading at 100% aero design speed. The maximum stress on the stator 1 is 6 ksi 
at the hub section and on the stator 2, 7 ksi, also at the hub section. The 
Goodman diagram for the stators is shown in Figure 75. Both stators have 
roughly 43 ksi allowable alternating stress for the design load steady state 
stresses. If unexpected vibration problems are encountered, the stators will 
have good margin in terms of allowable alternating stress for the material 
selected for the design. The torsional stabilities for the stators are shown 

in Figure 76. No stability margin problems are anticipated with these stator 
configurations . 


Although all above data is preliminary-design oriented, no problems are 
expected with this stator configuration in terms of airfoil vibration and 
stress . 


C. Scale Model Test Rig Design 

Preliminary design of the scaled front block fan rotor was conducted to 
achieve the same objectives and goals established for the full scale fan rotor 
preliminary design. Attainment of these objectives and goals would allow 
aeromechanically and mechanically trouble-free aerodynamic component testing 
to be accomplished . Difficulties arose in meeting these objectives and goals, 
especially frequency margin over 2 per rev and stability margin while dupli- 
cating the boron— aluminum blading’s aerodynamic design using a current state- 
of-the-art blading alloy, titanium (Ti) 6-4. The switch to Ti 6-4 was made 
to avoid costly boron-aluminum blade manufacturing process development for a 
component test fan rotor. Stage 1 in Ti 6-4 requires an integral blade and . 
disk design (blisk) with its increased stiffness to- meet the frequency margins. 
The fan rotor maintainability decrease using the blisk is acceptable for a 
fan rotor component test. A conventional blade and disk design was achieved 
on stage 2. Figure 77. is a cross section of the fan rotor in the scaled test 
rig. Figures 78 through 81 are the Campbell and stability diagrams of the 
stage 1 and 2 airfoils, respectively. 

The scale model stators 1 and 2 Campbell diagrams are shown in Figures 
82 and 83. The frequencies are arrived at by assuming that the scaled stators 
would have corresponding scaled flexibilities of the full size stators. If 
the scaled stators could not be made hollow, other mechanical methods, such 
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as unidirectional stiffening patches, would be employed to adjust the fre- 
quency response of the stators- The aerodynamic stator configuration of the 
full size stator would not be changed by utilizing stiffening methods in the 
scaled vehicle. The torsional stabilities are shown in Figure 84. More de- 
tailed analysis of the scaled stator vanes will be performed during. the final 
mechanical design phase. 
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SECTION VI 


PERFORMANCE ANALYSIS 


O ff— Design Calculation Procedur e 

Performance map predictions were generated for the front block and rear 
block fans using a bladerow, pitchline calculation procedure. The procedure 
uses as input the design point average velocity diagram information for each 
blade row along with the inlet flow and applies an incidence angle-loss co- 
efficient correlation to predict the off-design performance. The total loss 
coefficient is a summation of the losses attributed to off-design incidence 
angles, shock and Mach number effects and the two dimensional cascade diffu- 
sion. Inlet pide vanes are treated separately with the loss coefficient 
being a function of the amount of cascade turning. The procedure solves* the 
continuity and energy equations and then stacks the performance of each blade 
row to give an overall fan performance. Performance data calculations were 
specified at several points along the speedline from near stall to near 
choke. Speedlines at 60, 70, 80, 85, 90, 95, 100 and 105 percent of design 
speed were selected to adequately define the performance map. 


Flowpath Mach Number Distribution 

The AST fan flowpath wall contours, as reflected in the fan cross- . 
sections (Flares 36 and 37), were chosen after careful study of the duct Mach 
number distributions. The circumferential-average flow calculations were 
carried out at cycle conditions which included the extremes of bypass flow 

front block fan design point was selected at a flow and speed 
slightly less than the take-off condition. At this cycle point, a substantial 
part of the front block airflow (35.5%) bypasses the rear block fan and hence. 
It' is necessary to close the rear block inlet guide vanes (IGV2) to reduce its 
pumping capacity at the relatively high core corrected speed. The meridional 
Mach numbers along the flowpath wall for the design point of the front block 
fan are shown in Figure 85 plotted versus the axial stations of the fan cross- 
section, as shown. The Mach number distributions are labeled, referring to 
the numbered flowpath contours. 


The design point of the rear block fan corresponds to a high engine 
specific thrust condition such as the climb/acceleration and supersonic cruise 
phases of the mission. This point was chosen to represent the other extreme 
of bypass operation where no flow passes through the outer bypass duct. At 
this condition, the front block airflow is reduced by closing the front block 
inlet guide vanes (IGVI) and the outer bypass duct thus forcing all of the air- 
flow through the rear block fan. Here, the outer bypass ratio is virtually 

bypass ratio is 0.340. The inlet total fan flow 
Ibm/sec); the rear block corrected airflow is 139.7 kg/sec 
(308 Ibm/sec). The meridional Mach number distribution, along the flowpath 
walls, at this condition is shown in Figure 86. The outer duct Mach number 
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is approximately zero as nearly all the flow enters the rear block fan. A 
small amount of flow in the outer bypass duct was necessary for an accurate, 
numerical solution to the circumferential-average flow calculation. Part of 
the rear block flow is then bypassed out the inner duct with the remaining 
flow satisfying the core corrected speed-flow requirements. 


C. Front Block Fan Maps 

The predicted performance maps for the front block fan are shown in Fig- 
ures 87 and 88. The maps represent two differenct speed-flow relationships 
which are compared in Figure '89. The predicted performance with the inlet 
guide vane (IGV) and stator 1 fixed at their design settings is s^wn in Fig- 
ure 87. The variable stator performance is shown in Figure 88. The IGV and 
Stator 1 settings shown in Figure 90 as a function of speed were selected to 
match the AST engine cycle data provided at the beginning of this program. 

The stall line at design speed is consistent with the 20 percent margin 
required by the stability margin stack-up. At part speed, the- stall line 
occurring with the variable stator schedule is consistent with test exper- 
ience of fans with well-matched stages. The predicted stall lines on the two 
maps differ significantly at part speed conditions where the influence of the 
closed guide vane relieves the loading on the first stage and delays the 
point of stall. At 55 percent design flow, the variable geometry' map indi- 
cates an increase of approximately 14 percentage points in stall margin. 

The peak efficiency on the map is also affected by the stator schedule 
and shows that a higher efficiency potential can be achieved when the stages 
are optimally 'matched at their peak performance. 


D. Rear Block Fan Maps 


Performance maps were generated for the rear block fan with the inlet 
guide vane fixed at its design setting and also closed 15, 30 and 45 degrees 
from design. The design IGV setting performance map is shown in Figure 91. 
The maps where the IGV is closed the same amount at all speeds is shown in 
Figures 92-94. 

The stall line with the IGV at the design setting takes into account 
the requirements of the stability margin stack-up at all speeds. At 100 
percent corrected speed, the stall margin is 22 percent. 

The efficiency contours on the maps in Figures 92-94 reflect the addi- 
tional losses encountered when the IGV is closed a marked amount from design. 
For the closed-down IGV operating conditions, such as take-off and subsonic 
cruise, the fan rotor is aerodynamically unloaded and the stall margin is 
increased. 
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SECTION VII 


CONCLUSIONS AND RECOMMENDATIONS 


The parametric screening study effort identified a number of factors 
leading to a near optimum AST fan configuration. The factors wliich show a 
higher fan efficiency potential are: 

1. Lower tip speeds resulting in lower Mach numbers and lower 
shock losses. 

2. Lower inlet specific flow rates which reduce the through-flow 
Mach numbers. 

3. Low inlet radius ratios providing a larger increase in radius 
across the first rotor hub. 

4. The constant tip flowpath designs provided a larger increase in 
hub radius through the first rotor and an increased blade speed 
of the second stage relative to the first. These features per- 
mitted achieving the required stall margin with lower first stage 
design tip speeds and with reduced RPM. 

The impact of the low pressure turbine and engine weight considerations 
led to the following conclusions: 

1. The lower rpm cases showed lower LP turbine efficiencies, -but also 
indicated less cooling flow required and lower LPT weight. 

2. The lowest fan blading aspect ratio case indicated a considerable 
increase in fan weight. 

3. The lower radius ratio cases with constant tip flowpaths showed 
a trend of improved fan efficiency, reduced weight and subse- 
quently an increased engine aircraft range. 

A two— stage constant tip, front block fan with an inlet radius ratio of 
0.40 and an inlet specific flow rate of 205 kg/sec (42 Ibm/sec ft^) was 
identified from the screening study and recommended for further development. 


The detailed aerodynamic design of this front block fan as well as a 
single stage rear block fan was carried out in the full engine size. A pre- 
liminary mechanical design of the front block fan was also carried out. The 
mechanical design analysis identified the first stage rotor of the scaled • 
component fan as a titanium BLISK (integral blade and disk) configuration. 
The full size fan would have boron— aluminum blading and hollow titanium 
stator vanes. 


It is recoimnended that a follow-on program be conducted for the detailed 
mechanical design, assembly and rig test of a scale model of the front block fan. 
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APPENDIX A 


FAN FLOWPATH COORDINATES 
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APPENDIX A 


AST FRONT AND REAR BLOCK FAN 
FLOWPATH COORDINATES (CENTIMETERS) 


Radius 

Radius 

Axial Distj 

Axial Dist. 

Station 

Outer 

Inner 

Outer 

Inner 

Description 

84.836 

0 

-88.9 

-88.9 


84.836 

18.857 

-50.8 

-50.8 


84.788 ■ 

24.602 

-38.11 

-30.254 


84.384 

26.937 

-25.989 

-17.782 


83.977 

27.91 

-17,793 

-13,459 


83.505 

29,141 

- 

9.624 

- 8.893 


83.035 ‘ 

■30.752 

- 

2.070 

- 4.559 


82.906 

33.162 


6,579 

0 

Rotor 1 L.E. 

82,906 

.34,714 


7.948 

2,619 


82.906 

36.213 


9.nv 

5.235 


82.906 

37.767 

10.686 

7.849 


82.906 

39,411 

12.055 

10.465 


82.906* 

41.115 

13.424 

13.081 


82.906 

42.837 

14.793 

15.70 


82.906 

44.534 

16.162 

18.316 


82.906 

46.17 

17.531 

20.932 


82.906 

47.711 

18.90 

23.548 


82.906 

49.139 

20.269 

26.165 

Rotor 1 T.E. 

82.906 

50.391 

26.965 

28.9 

Stator 1 L.E 

82.906 

51.171 

29.53 

30.691 


82.906 

51.976 

32.095 

32.482 


82.906 

52.804 

34.661 

34.272 


82.906 

53.619 

37.226 

36.065 


82.906 

54.399 

39.792 

37.856 

Stator 1 T.E 

82.784 

55.781 

44.097 

41.456 

Rotor 2 L.E. 

82.735 

56.264 

' 44'. 922 

42.824 


82.69 

56.744 

45.748, 

44. 186 


82.644 

57.272 

46.573 

45. .545 


82.601 

57.798 

47.399 

48.265 


82.56 

58.334 

48.224 

48.265 


82.52' 

58.898 

49.05 

49.627 




Radius 

Radius 

Axial Dist. 

Axial Dist, 

Station 

Outer 

Inner 

Outer 

Inner 

Description 

82.484 

59.472 

49,182 

50.985 


82 . 448 

60.061 

50.701 

52.347 


82.413 

60.665 

51.526 

53.708 


82.38 

61.267 

52.352 

55.067 

Rotor 2 T.E. 

82.266 

61.770 

55.578 

56.416 

Stator 2 L.E. 

82.202 

62.260 

57.569 

58.072 


82.139 

62.624 

59.560 

59.728 


82.075 

62,865 

61,552 

61.382 


82.004 

62.964 

63.541 

63,038 


81.912 

62.997 

65,532 

64-694 

Stator 2 T.E. 

81.694 

62.588 

68.58 

68.58 


80.963 

61.308 

73.66 

73.66 


80.091 

59.24 

78.74 

78.74 


80.091 

56.482 

83.82 

83,82 


73.182 

52.134 

91.44 

91.44 


70.16 

49.362 

96,52 

96.52 


68.583 

47.335 

100.33 

100.33 

IGV2 Strut L.E. 

67.485 

45.712 

103,505 

103.505 


66.515 

45.832 

106.68 

106.68 


65.606 

42.931 

109,982 

109.982 


64.320 

41.976 

115,301 

113.543 

IGV2 Flap T.E. 

63.607 

41.686 

118,816 

117.858 

Core Driven Fan L 

63.348 

41.905 

120.305 

119.85 


63.119 

42.263 

121.951 

121.841 


62.926 

42.682 

123.284 

123.833 


62.776, 

43.076 

124.772 

125.824 


62.677 

43.383 

126.71 

127.815 

Core Driven Fan T, 

63.388 

43.561 

134,62 

134.62 


58.169 

43.561 

l'41.i 

141.778 

IGV L.E. 

57,125 

43.561 

146,558 

145.928 

IGV T.E. 

56,878 

43.561 

148.333 

147.323 

R1 L.E. 

56.385 

43.823 

152.781 

153.957 

R1 T.E. 

65.202 

60.688 

139.819 

141.074 

Inner Bypass Duct 

67.61 

63.109 

144.490 

145.687 

71.598 

66.098 

151.089 

152.613 


81.136 

75.024 

90.223 

91.45 

Outer Bypass Duct 

82.316 

75.613 

93.271 

94.242 

82.857 

75.618 

99.06 

99,06 


83,124 

74.61 

116,84 

116.84 


82.794 

73.066 

149.86 

149,86 






APPENDIX A 


AST FRONT AND REAR BLOCK FAN 
FLOWPATH COORDINATES (INCHES) 


Radius 

Radius 

Axial Dist. 

Axial Dist. 

Station 

Outer 

Inner 

Outer • 

, Inner 

Description 

33.40 

0.00 

-35.0 

-35.0 


33.40 

7.424 

-20.0 

-20.0 


33.381 

9.686 

-15.004 

-11.911 

IGV Strut L.E. 

33.222 

10.605 

-10.323' 

- 7-, 001 


33.062 

10.988 ■ 

- 7.005 

- 5.299 


32.876 

11.473 

- 3.789 

- 3.501 


32.691 

12.107 

- 0.815 

- 1.795 

IGV Flap T.E. 

32.64 

13.056 

2.59 

0.00 

Rotor 1 L.E. 

32.64 

13.667 

3.129 

1.031 


32.64 

14.257 

3.668 

2.061 


32.64 

14.869 

4.207 

3.090 


32.64 

15.516 

4.746 

4.120 


32.64- 

16.187 

5.285 

5.150 


32.M'c- 

16.865 

5.824 

6.181 


32.64' 

17.533 

6.363 

7.211 


32.64 

18.177 

6.902 

8.241 


32.64 

18.784 

7.441 

9.271 


32.64 

19.346 

7.980 

10.301 

Rotor 1 T.E. 

32.64 

19.839 

10.616 

11.378 

Stator 1 L.E. 

32.64 

20.146 

11.626 

12.083 


32.64 

20.463 

12.636 

12.788 


32.64 

20.789 

13.646 

13.493 


32.64 

21.111 

14.656 

14.199 , 


32.64 

21.417 

15.666 

14,904 

Stator 1 T.E. 

32.592 

21.961 

17.361 

16.325 

Rotor 2 L.E. 

32.573 

22.151 

17.686 

16.860 


32.555 

22.346 

18.011 

17.396 


32.537 

22.548 

18.336 

17.931 


32.52 

22.755 

18.66i 

18.467 


32.504 

22.966 

18.986 

19.002 


32.488 

23.188 

19.311 

19.538 


32.474 

23.414 

19.363 

20.073 




Radius 

Radius 

Axial Dist. 

Axial Dist. 

Station 

Outer 

Inner 

Outer 

Inner 

Description 

32; 46 

23.646 ' 

19.961 

20.609 


32.446 

23.884 

20.286 

21.145 


32.433 

24.121 

20.611 

21.680 

Rotor 2 T.E. 

32.388 

24.319 

21.881 

22.211 

Stator 2 L.E. 

32.363 

24.512 

22.665 

22.863 


32.338 

24.655 

23.449 

23.515 


32.313 

24.750 

24.233 

24.166 


32.285 

24.789 

25.016 

24.818 


32.249 

24.802 

25.80 

25.47 

Stator 2 T.E. 

32.163 

24.641 

27.0 

27.0 


31.875 

24.137 

29.0 

29.0 


31.532 

23.323 

31.0 

31.0 


31.532 

22.237 

33.0 

33.0 


28.812 

20.525 

36.0 

36.0 


27.622 

19.434 

38.0 

38.0 


27.001 

18.636 

39.5 

39.5 

IGV2 Strut L.E. 

26.569 

17.997 

40.75 

40.75 


26.187 

18.044 

42.0 

42.0 


25.829 

16.902 

43.3 

43.3 


25.323 

16.526 

45.394 

44.702 

IGV2 Flap T.E. 

25.042 

16.412 

46.778 

46.401 

Core Driven Fan L.E 

24.94 

16.498 

47.364 

47.185 


24.85 . 

16.639 

47.951 

47.969 


24.774 

16.804 

48.537 

48.753 


24.715 

16.959 

49.123 

49.537 


24.676 

17.080 

49.710 

50.321 

Core Driven Fan T.E 

24.956 

17.150 

53.0 

53.0 


22.901 

17.150 

55.551 

55.818 

Core IGV L.E. 

22.49 

17.150 

57.7 

57.452 

Core IGV T.E. 

22.393 

17.150 

58.399 

58.001 

Core Rl L.E. 

22.199 

17.261 

60.150 

60.613 

Core Rl T.E. 

25.67 

23.893 

55.047 

55.541 


25.618 

24.846 

56.886 

57.357 

Inner Bypass Duct 

28.188 

26.023 

59.484 

60.084 


32.136 

29.537 

35.521 

36.004 


32.408 

29.769 

36.721 

37.103 


32.621 

29.771 

39.0 

39.0 

Outer Bypass Duct 

32.726 

29.374 

46.0 

46.0 


32.596 

28.766 

59.0 

59.0 






APPENDIX B 1 


CIRCUMFERENTIAL - AVERAGE FLOW SOLUTION 
FOR FRONT BLOCK FAN DESIGN POINT 
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NOMENCIATDRE FOR APPENDIX B 


PCT IMM 
RADIUS 
MERID ANGLE 
STREAM FUNCT 
ABS ANGLE 
REL ANGLE 
ABS VEL 
REL VEL 
MERID VEL . 
TANG VEL 
BLADE SPEED 
ABS MACH NO 
REL MACH NO 
AXIAL VEL R 
CH' 

ACC PT RATIO 
ACC TT RATIO 
EFFICIENCY ADIA 
EFFICIENCY POLY 
REAR 
INC 

DEV (C-R) 

XFACT 

TMC 

CAM 

STGR 

TURN 

D-FACT 

SOL 

LOSS COEFF 
INLET CORR 
PRESS RATIO • 
TEMP RATIO 
ADIA EFF 
INLET CORR RPM 


Percent Immersion from O.D. . 

Inlet and Exit Radii — cm(in-) 

Inlet and Exit Slope ^ degrees 
Inlet and Exit Streamline Percent Flow from O.D. 
Inlet and Exit Absolute Air Angle degrees 

Inlet and Exit Relative Air Angle ^ degrees 

Inlet and Exit Absolute Velocity m/sec (ft/sec) 

Inlet and Exit Relative Velocity ^ m/sec (ft/sec) 

Inlet and Exit Meridional Velocity ^ m/sec (ft/sec) 
Inlet and Exit Tangential Velocity m/ sec (ft/sec) 
Inlet and Exit Blade Speed ^m/sec (ft/sec) 

Inlet and Exit Absolute Mach Number 

Inlet and Exit Relative Mach Number 

Inlet and Exit Axial Velocity Ratio ~ Exit/lnlet 

Static Pressure-Rise Coefficient 

Accumulative Total Pressure Ratio 

Accumulative Total Temperature Ratio 

Accumulative Adiabatic Efficiency 

Accumulative Polytropic Efficiency 

Aver'age Radius cm (in.) 

Incidence Angie - degrees 

Carter's Rule Deviation Angle ^ degrees' 

Empirical Adjustment Factor^ degrees 
Max Thickness-To-Chord Ratio 
Camber Angle - degrees 
Stagger Angle - degrees 
Turning Angle - degrees, 

Diffusion Factor 
Solidity 

Total-Pressure Loss Coefficient 

Fan Inlet Corrected Weight Flow kg/sec (Ibm/sec) 
Accumulative Average Total -Pressure Ratio 
Accumulative Average Total Temperature Ratio 
Accumulative Average Adiabatic Efficiency 
Fan Inlet Corrected Revolutions per Minute 
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BLADE BOH PRINTOUT (METRIC) 

IGVF 


PCT 

■RADIUS 

MERID 

ANGLE 

STREAM FUNCT 

ABS 

ANCLE 

REL 

ANGLE 

IHM 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

our 

0. 

84.3S4 

83.035 

-2.6 

-3.6 

0. 

0. 

0. 

0. 



3.5 

32.317 

81.303 

-2.0 

-1.6 

0.050 

0.050 

0. 

0. 



6.9 

80.250 

79.553 

-1.4- 

-0.9 

0.100 

0. 100 

0. 

0. 



14.0 

76.066 

75.958 

-0.4 

0.6 

0.200 

0.200 

0. 

0. 



21 .4 

71.767 

72.206 

0.7 

2.1 

0.300 

0.300 

0. 

0. 



25.5 

69.329 

70.060 

1.4 

3.0 

0.355 

0.356 

0. 

0. 



25.5 

69.329 

70.060 

1 .4 

3.0 

0.355 

0.355 

0. 

0. 



29.1 

67.283 

68.252 

1.9 

3.8 

0.400 

0.400 

0. 

0. 



37.3 

62.513 

64.018 

3.2 

5.7 

0.500 

0.500 

0. 

0. 



46.2 

57.346 

59.409 

4.7 

8.0 

0.600 

0. 600 

0. 

0. 



56.1 

51 .635 

54.276 

6.4 

10.8 

0.700 

0.700 

0. 

0. 



73.9 

41.424 

44.955 

9.4 

16. 1 

0.850 

0.850 

0. 

0. 



89.6 

32.597 

36.552 

II. 3 

21.7 

0.950 

0.950 

0. 

0. 



100.0 

26.937 

30.752 

12.3 

23.8 

1 .000 

1,000 

0. 

0. 



PCT 

ABS 

VEL 

REL VEL 

MERID VEL 

TANG VEL 

BLADE 

SPEED 

IMM 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

0. 

162.1 

227.7 



162.1 

227.7 

0, 

0. 



3.5 

166.2 

229.8 



166.2 

229.8 

0. 

0. 



6.9 

169.7 

229.8 



169.7 

229.8 

0. 

0. 



14.0 

174.8 

229.4 



174.8 

229.4 

0. 

0. 



21.4 

178.5 

228.6 



178.5 

228.6 

0. 

0. 



25.5 

179.8 

227.8 



179.8 

227.8 

0. 

0. 



25.5 

179.8 

227.8 



179.8 

227.8 

0. 

0. 



29.1 

1 80.4 

226.8 



180.4 

226,8 

0. ■ 

0. 



37.3 

180.3 

223.0 



180.3 

223.0 

0. 

0. 



46.2 

179.1 

217.7 



179.1 

217.7 

0. 

0. 



56.1 

176.9 

209.8 



176.9 

209.8 

0.. 

0. 



73.9 

170.2 

192.8 



170.2 

192.8 

0, 

0. 



89.6 

162.9 

169.0 



162.9 

169.0 

0. 

0. 



ICO.O 

157.4 

146.4 ■ 



157.4 

146.4 

0. 

0. 



PCT 

ABS MACH NO 

REL MACH NO 

AXIAL 

CH^ 

ACC PT 

ACC TT 

EFFICIENCY 

IMM 

IN 

OUT 

IN 

OUT 

VEL R 


RATIO 

RATIO 

ADIA 

POLY 

0. 

0.487 

0.701 



1.403 

-1.072 

0.9827 

1 .0000 



3.5 

0.500 

0.708 



1.383 

-0.983 

0.9869 

1.0000 



6.9 

0.511 

0.708 



1.354 

-0.895 

0.9884 

1 .0000 



14.0 

0.528 

0.707 



1.312 

-0.770 

0. 9901 

1 . 0000 



21.4 

0.539 

0.704 



1.280 

-0.684 

0.9908 

I .0000 



25.5 

0.543 

0.701 



1.266 

-0. 646 

0.9913 

1 .0000 



25.5 

0.543 

0.701 



1.266 

-0,646 

0.9913 

1 .0000 



29.1 

0.545 

0.698 



1.255 

-0.620 

0.9913 

1.0000 



37.3 

0.545 

0.635 



1.233 

-0.568 

0.9919 

1 . 0000 



46.2 

0.541 

0.667 



1 .208 

-0.513 

0.9924 

1 .0000 



56.1 

0.534 

0.641 



1.173 

-0.443 

0.9928 

1 . 0000 



73.9 

0.513 

0.585 



1.103 

-0.317 

0.9936 

1,0000 



89.6 

0.490 

0.509 



0.983 

-0.119 

0.9929 

1 . 0000 



100.0 

0.472 

0.438 



0.871 

0.085 

0,9922 

1 .0000 



RBAR 

INC 

DEV 

X-FACT 


CAM 

STGR TURN 

0-FACT 

SOL 

LOSS 


(INPUT CC-B) 



• 





COEFF 

83.710 

0. ' 

0. 

0. 


0. 

0. 

0. 

-0.405 

0.728 

0.115 

81 .810 

0. 

0. 

0. 


0. 

0. 

0. ' 

-0.383 

0.742 

0.083 

79.901 

0. 

0. 

0. 


0. 

0, 

0. 

-0.354 

0. 756 

0.071 

76.012 

0. 

0. 

0. 


0. 

0, 

0. 

-0.312 

0.782 

0,057 

71.986 

0. 

0. 

0. 


0. 

0. 

0, 

-0.28! 

0.814 

0.051 

69.695 

0. 

0. 

0. 


0. 

O'. 

0. 

-0.267 

0.830 

0.048 

69.695 

0. 

0. 

0. 


0. 

0. 

0. 

-0.267 

0.830 

0.043 

67.767 

0. 

0. 

0. 


0. 

0. 

0. 

-0.257 

0.843 

0.045 

63.265 

0. 

0. 

0. 


0. 

0. 

0. 

-0.237 

0.877 

0.044 

58.377 

0. 

0. 

0. 


0. 

0. 

0. 

-0.215 

0-909 

0.042 

52.956 

0. 

0. 

0. 


0. 

0. 

0. 

-o; 186 

0.947 

0.041 

43.190 

0. 

0. 

0. 


0. 

. 0. 

0. 

-0. 1 33 

1.016 

0.039 

34.574 

0. 

0. 

0. 


0. 

, 0. 

0. 

-0.033 

1.078 

0.047 

23.844 

0. 

0. 

0. 


0. 

0. 

0. 

0.070 

1,120 

0.053 


INLET CORR 

PRESS 

TEMP 

' ADIA 

INLET 

CORR 




HTFLOrt 

RATIO 

. RATIO 

•'EFF 

RPM 




37! 

1.83 C 

1. 9914 

1 .oeoo 


■ 5378.5 
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BLADE fiOW PRINTOUT (ENGLISH) 

IGVF 


PCT 

BADRIS 

MERID 

ANGLE 

STREAM FUNCr 

ABS 

ANGLE 

REL 

ANGLE 

IMH 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

0. 

33.222 

32.691 

-2.6 

-3.6 

0. 

0. 

0. 

0. 



3.5 

32.408 

32.009 

-2.0 

-1 .6 

0.050 

0.050 

0. 

0, 



6.9 

31 .594 

31,320 

-1.4 

-0.9 

0.100 

0. 100 

0. 

0. 



14.0 

29.947 

29.905 

-0.4 

0.6 

0.200 

0.200 

0. 

0. 



21.4 

28.255 

28.428 

0.7 

2.1 

0.300 

0.300 

0. 

0. 



25.5 

27.295 

27, 583 

1.4 

3.0 

0.355 

0.355 

0. 

0. 



25.5 

27.295 

27.583 

I .4 

3.0 

0.355 

0.355 

0. 

0. 



29.) 

26.489 

26.871 

1 .9 

3.8 

0.400 

0.400 

0. 

0. 



37.3 

24.61 1 

25,204 

3.2 

5.7 

0.500 

0.500 

0. 

0. 



46.2 

22.577 

23.389 

4.7 

8.0 

0.600 

0.600 

0. 

0. 



56.1 

20.329 

21.368 

6.4 

J0.8 

0.700 

0. 700 

0. 

0. 



73.9 

16.309 

17.699 

9.4 

16.1 

0.850 

0.850 

0. 

0. 



89.6 

12.833 

14.391 

11.3 

21 .7 

0.950 

0.950 

0. 

0. 



100.0 

10.605 

12.107 

12.3 

23.8 

1 .000 

1.000 

0. 

0. 



PCT 

ABS 

VEL 

REL VEL 

MERID VEL 

TANG VEL 

BLADE 

SPEED 

I MM 

IN 

OUT 

IN 

OUT 

IN 

(JUT 

IN 

OUT 

IN 

OUT 

0. 

531.9 

747. 1 



531 .9 

747.1 

0. 

0. 



3.5 

545.4 

754, 1 



545.4 

754.1 

0. 

0. 



6.9 

556.7 

753.8 



556.7 

753.8 

0. 

0. 



14.0 

573.6 

752.7 



573.6 

752.7 

0, 

0. 



21.4 

585.6 

749.9 



585.6 

749.9 

0. 

0. 



25.5 

589.8 

747.4 



589.8 

747.4 

0. 

0. 



25.5 

589.8 

747.4 



589.8 

747.4 

0. 

0. 



29.1 

591.7 

744. 1 



591 .7 

744.1 

0. 

0. 



37.3 

591 .4 

731.6 



591,4 

731,6 

0. 

0. 



46.2 

587.7 

714.3 



587.7 

714.3 

0. 

0. 



56.1 

580.3 

688.4 



580.3 

688.4 

0. 

0. 



73.9 

558.5 

632.6 



558.5 

632.6 

0. 

0. 



89.6 

534.4 

554.5 



534.4 

554.5 

0. 

0. 



100. 0 

516.4 

480.3 



516.4 

480,3 

0. 

0. 



PCT 

ABS MACH NO 

REL MACH HO 

AXIAL 

CH' 

ACC PT 

ACC .TT 

EFFICIENCY 

IMM 

IN 

OUT 

IN 

OUT 

VEL R 


RATIO 

RATIO 

ADIA 

POLY 

0. 

0.487 

0.701 



1.403 

-1.072 

0.9827 

1 .0000 



3.5 

0.500 

0.708 



1.383 

-0.983 

0.9869 

1 .0000 



6.9 

0.511 

0.708 



1.354 

-0.895 

0.9884 

1 .0000 



)4.0 

0.528 

0.707 



1.312 

-0,770 

0.9901 

1 . 0000 



2J.4 

0.539 

0.704 



1.280 

-0.684 

0,9908 

1 .0000 



25.5 

0.543 

0.701 



1.266 

-0.646 

0.9913 

1 .0000 



25.5 

0.543 

0.701 



1 .266 

-0.646 

0.9913 

1.0000 



29.1 

0.545 

0.698 



1.255 

-0.620 

0.9918 

1 .0000 



37.3 

0.545 

0.685 



1.233 

-0. 568 

0.9919 

1 .0000 



46.2 

0.541 

0.667 



1.208 

-0.513 

0. 9924 

1 . 0000 



56.1 

0.534 

0.641 



I.I73 

-0.443 

0.9928 

1 .0000 



73.9 

0.513 

0.585 



1.103 

-0.317 

0,9936 

1 .0000 



89.6 

0.490 

0. 509 



0.983 

-0.119 

0. 9929 

1 .0000 



too.o 

0,472 

0.438 



0.871 

0.085 

0.9922 

1 .0000 




RBAR 

INC 

DEV 

X-FACT 

CAM 

STGR 

TURN 

D-FACT 

SOL 

LOSS 


( INPUT 

(C-R) 


• 





COEFF 

32.956 

0. 

0. 

0. 

0. 

0. 

0. 

-0,405 

0.728 0. 115 

32.209 

0, 

0. 

0. 

0. 

0. 

0. ' 

-0.383 

0.742 

0.033 

31 .457 

0. 

0. 

0, 

0. 

0. 

0. 

-0.354 

0.756 

0.071 

29.926 

0. 

0. 

0. 

0. 

0. 

0. 

-0.312 

0.782 

0.057 

28.341 

0. 

0. 

0. 

0. 

0. 

0. 

-0.281 

0.814 

0.051 

27.439 

0. 

0. 

0. 

0, 

0. 

0. 

-0,267 

0.830 

0.048 

27.439 

0. 

0. 

0. 

0. 

0. 

0. 

-0.267 

0.830 

0.043 

26.680 

0, 

0. 

0. 

0. 

0. 

0. 

-0.257 

0.843 

0.045 

24.908 

0. 

0. 

0. 

0. 

0. 

0, 

-0.237 

0.877 

0.044 

22.983 

0. 

0. 

0. 

0. 

0. 

0. 

-0.215 

0.909 

0.042 

20,849 

0. 

0. 

0. 

0. 

0. 

0. 

-0.186 

0.947 

0.041 

17.004 

0. 

0. 

0. 

0. 

0. 

0. 

-0.1 33 

1 .016 

0.039 

13.612 

0. 

0, 

0. 

0. 

0. 

0, 

-0.038 

1 .078 

0.047 

11.356 

0. 

0. 

0. 

0. 

0. 

0. 

0.070 

1 .120 

0.055 


INLEI CORN 

PRESS 

TEMP 

ADIA 

INLET 

CORR 




MTFLOM 

RATIO 

RATIO 

EFF 

RPM 





C 

J.99I4 

1 .0000 


5378.5 
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BLADE ROW PRINTOUT CKETRIC) 

Rl 


per 

RADIUS 

MERID 

ANCLE 

STREAM 

FUNCT 

ABS 

ANGLE 

REL 

ANGLE 

IMM 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

■IN 

OUT 

0. 

82 .-906- 

32.906 

0. 

0. 

0. 

0. 

0. 

49. 1 

62.1 

63.0 

3.9 

SI .236 

8I’.3I8 

0. I 

0.7 

0.050 

0,050 

0. 

46.6 

61.2 

61 .6 

7.8 

79,655 

79.779 

0.5 

1.5 

0.100 

0.100 

0. 

45.0 

60.4 

60.4 

15,5 

76.128 

76. 760 

1 .7 

3,3 

0.200 

0.200 

0. 

43. 1 

58.8 

58. I 

23.3 

72.575 

73.756 

3.4 

5.0 

0.300 

0,300 

0. 

42.1 

' 57.3 

55.7 

■27.7 

70.562 

72.092 

4.6 

5.9 

0.355 

0.355 

0. 

42.0 

56.5 

54.2 

27.7 

70. 552 

72.092 

4.6 

5.9 

0.355 

0.355 

0. 

42.0 

56.5 

54.2 

31.4 

68.852 

70.710 

5.6 

6.7 

0.400 

0,400 

0. 

42.2 

55.9 

52.9 

40.0 

64.883 

67.545 

7.9 

8.6 

0.500 

0.500 

0. 

43.2 

54.9 

49.7 

49. 1 

60.575 

64.268 

10. 5 

10.9 

0.600 

0.600 

0. 

44.7 

54.1 

44.6 

58.8 

55.782 

60.837 

13.5 

13.6 

0.700 

0.700 

0. 

46.3 

53.2 

38.4 

76.0 

46.969 

55.370 

19.9 

18.6 

0,850 

0.850 

0. 

49.2 

52.7 

25.4 

90.5 

38.945 

51 .296 

25.4 

23.4 

0.950 

0.950 

0. 

51.2 

51.9 

13.2 

100.0 

33.162 

49. 140 

31 ,9 

26.7 

1 .000 

I.OOO 

0. 

51.7 

54.5 

6.2 

PCT 

ABS 

VEL 

BEL VEL 

MERID 

VEL 

TANG VEL 

BLADE 

SPEED 

IMM 

IN 

OUT 

IN 

OUT 

IN 

OUT 

•IN 

OUT 

IN 

OUT 

0. 

246.8 

228.6 

528.1 

330.0 

246.8 

149.6 

0. ■ 

172.9 

467.0 

467.0 

3.9 

251 .6 

229.5 

522.2 

331.1 

251.6 

157.6 

0. 

166.8 

457.5 

458.0 

7.8 

254,7 

230.5 

515.4 

329.4 

254.7 

162.9 

0. 

163. 1 

448. 1 

449,3 

15.5 

259.6 

233. 1 

501 .2 

322.1 

259.6 

170.5 

0. 

159.0 

428.3 

432.3 

23.3 

263.0 

236.7 

486.1 

311 .7 

263.0 

176.0 

0. 

158.2 

403,8 

415.4 

27.7' 

263.9 

239.4 

477.0 

304.2 

263.9 

173.5 

0. 

159.7 

397.4 

406.0 

27.7 

263.9 

239.4 

477.0 

304.2 

263.9 

178,5 

0, 

159. 7 

397.4 

406.0 

31.4 

263.6 

242.2 

468.9 

297. 1 

263.6 

■130.1 

0. 

161.9 

387.8 

398.3 

40.0 

259.2 

247.9 

448.0 

278.9 

259.2 

181.6 

0. 

168.3 

365.4 

380.4 

49.1 

251.2 

260.3 

423.7 

259.7 

251.2 

1 86.7 

0. 

181.4 

341,2 

362.0 

58.8 

241.6 

273.6 

396.3 

242.2 

241.6 

191.9 

0. 

195.1 

314.2 

342,9 

76.0 

214.7 

299.2 

340.7 

221.0 

214.7 

201.5 

0. 

221. 1 

264.5 

311.9 

90.5 

190.6 

323. 1 

290.6 

21 7.6 

190.6 

212.7 

0. 

243.2 

219.4 

288.9 

100.0 

157.3 

340.6 

244,2 

226.8 

157.3 

225.8 

0. 

255,0 

186.8 

276,8 

PCT 

ABS MACH NO 

REL MACH NO 

AXIAL 

CH' ACC PT 

AO: TT 

EFFICIENCY 

IMM 

IN 

OUT 

IN 

OUT 

VEL R 

RATIO 

RATIO 

ADI A 

POLY 

0, 

0.766 

0.616 

1 ,640 

0.390 

0.606 

0.496 1 

.9703 

1 .2 788 

0.767 

0.788 

3.9 

0.783 

0.623 

I .625 

0.698 

0.626 

0.504 1 

.9574 

1 .2640 

0.802 

0.819 

7.8 

0.794 

0.629 

1.607 

0.898 

0.640 

0.512 I 

.9467 

1 .2532 

0.828 

0.844 

15.5 

0.81 1 

0.641 

1 .566 

0.885 

0.656 

0.529 1 

.9313 

1 .2376 

0.871 

0.883 

23.3 

0,823 

0,654 

1.522 

0.86! 

0.668 

0,546 1 

.9210 

1 . 2272 

0.903 

0.912 

27.7 

0.826 

0.663 

1.494 

0,843 

0.675 

0.555 1 

.91 88 

1 .2241 

0.914 

0.922 

27.7 

0.826 

0.663 

1 .494 

0.843 

0.675 

0.555 I 

.9188 

1.2241 

0-914 

0.922 

31.4 

0.826 

0.672 

1.463 

0.824 

0.682 

0.562 I 

,9194 

1 .2229 

0.919 

0.926 

40.0 

0.810 

0.690 

1 .400- 

0.776 

0.699 

0.574 1 

.9176 

1.2220 

0.922 

0.929 

49.1 

0.782 

0.726 

1;31B- 

0.724 

0.742 

0.578 1 

.9397 

1 ,2270 

0.919 

0.926 

58.8 

0,748 

0.766 

1.228 

0.678 

0.794 

0.569 1 

.9548 

1 .2312 

0.914 

0.921 

76.0 

0.657 

0,844 

1 .043 

0.624- 

0.946 

0.491 1 

.9809 

1 .2384 

0.905 

0.914 

90.5 

0.578 

0.921 

0.882 

0.620 

1.134 

0.317 2 

.0021 

.1 .2428 

0.904 

0.913 

100.0 

1 

0.472 

0.979 

0..733 

0.652 

1 .511 -0.025 2 

.0122 

1 .2440 

0.907 

0.916 

RBAH 

INC 

DEV 

X-FACT 

I'MC 

CAM 

STGK 

TURN 

0-FACl 

SOL 

LO-53 


(iripur (c-rf) 








COEFF, 

82.906 

3.00 3.72 

0.20 

0.0250 

-0. 1 7 

59.23 

-0.89 

' 0.434 

1.503 

0. 195 

81.277 

3.14 

3.63 

0.25 

0.0253 

0. II 

58.00 

-0.38 

0.47! 

1.521 

0. 163 

79.667 

3.20 

1 3.75 

O.-IO 

0.02j9 

0.61 

56,89 

0.’)2 

0.464 

l.-jdl 

0. I 39 

76.444 

3.52 

3.80 

0. 15 

;}.')2 74 

1 . )l 

5'4, 79 

n,/3 

0.4 >s) 

1 .582 

•3. 1-30 

73.167 

3. !'!! 

1 . 5!' 

1.00 

0.0304 

2.27 

-)2.2 7 

1 . j7 

0.460 

1 .7j?=’ 

0.073 

71 .322 

4.20 

4.64 

1 , :io 

0.0333 

2. 7! 

50.94 

2.26 

l').464 

l.f>57 

-3, -365 

71.322 

4,2') 

4.fj4 

1 . 00 

0,0333 

2. 71 

j-J.94 

2.26 

0.464 

l',o57 


69.741 

4.47 

4 , '■ft 

1. 10 

0.0370 

3. 14 

49. 7 '3 

3.03 

0 . 4-70 

1 .nPi 

0.062 


5.42 

5,40 

1.30 

0.0 11(39 

5.20 

4f>.H2 

5.22 

0.481 

1 . 74-j 

(3.l>-l3 

H'2-421 

' 6.03 

6.64 

1. /o 

0.06^7 

10.13 

42.9'J 

9.31 

'0,50-l 

1 ."22 

0.073 

bO.Olj 

6.32 

3. M 

2.;>0 

0.1,71- 

1 7. >;> 

24.2 ( 

1 t.-io 

'1.5 02 

1 .9 J-4 

0.0-s:> 

51.170 

0.68 

12.11 

. -lO 

■).';7vM- 

. 32.-) 5 

22.fl4 

27.2) 

t), 5 1 6 

2. l-lft 

0. 1 J-' 

45. 12! 

■>. 69 

14.61 

I . JO 

0 . 0 'ft‘J'" 

4 7..-)'). 

. .'2. 0 

'■ 38,98 

■),44« 

2.41 1 

0 . 1 75 

41.151 

j.:V) 


I. 10 

o.'.'yOo 

oO.'U 

19,44- 

■44.30 

0 . 307 

2.643 

0.710 


I.IL'T 

coils! 

KIN-.3S 

- I-.-i 

j 

APIA 

INIEr 

COifU 




il 1 •' 

I.O.i 

llAl 10 

i-sAi ■ 

U) 






XJ\ 

.-)1 1 


1 .2 i 

)6 ' 

J. 121 

5 3 
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aUDE Rtm HRINTOUT 


(ENGLISH) 


Rl 


PCT 

RADIUS 

MERID 

ANGLE 

STREAM 

FUNCT 

ABS 

ANGLE 

HEL ANCLE 

IMM 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

. OUT 

IN 

OUT 

0. 

32.640 

32,640 

0, 

0. 

0. 

0. 

0. 

49.1 

62.1 

63.0 

3.9 

31,982 

32.015 

0.1 

0,7 

0.050 

0.050 

0. 

46.6 

61.2 

61.6 

7.8 

31 .321 

31.409 

.0.5 

1 .5 

0.100 

0.100 

0. 

45.0 

60.4 

60.4 

15.5 

29.97! 

30.221 

1 .7 

3.3 

0.200 

0.200 

0. 

43. 1 

68.8 

58. I 

23.3 

28.573 

29.038 

3.4 

5.0 

0.300 

0.300 

0. 

42. 1 

57.3 

55.7 

27.7 

27. 776 

28, 333 

4.6 

5.9 

0.355 

0,355 

0. 

42.0 

56.5 

54.2 

27.7 

27,776 

28.383 

4.6 

5.9 

0.355 

0.355 

0. 

42.0 

56.5 

54.2 

31 .4 

27.107 

27,838 

5.6 

6.7 

0.400 

0.400 

0. 

42.2 

55,9 

52.9 

40.0 

25.544 

26.593 

7.9 

8.6 

0.500 

0.500 

0. 

43.2 

54.9 

49,7 

49.1 

'23.848 

25.302 

10.5 

10.9 

0.600 

0.600 

0. 

44'. 7 

54.1 

44.6 

58.8 

,21 .962 

23. 971 

13.5 

13.6 

0.700 

0.700 

0. 

46.3 

53.2 • 

38.4 

76.0 

18.492 

21.799 

19.9 

18.6 

0.850 

0.850 

0. 

49.2 

52.7 

25.4 

90.5 

15.333 

20.195 

25.4 

23.4 

0.960 

0.950 

0. 

51.2 

51 .9 

13.2 

100.0 

13.056 

19.346 

31 .9 

26.7 

1 .000 

1.000 

0. 

51.7 

54.5 

6.2 


PCT 

ABS 

VEL 

REL 

VEL 

MERID 

VEL 

TANG VEL 

BLADE 

SPEED 

IMM 

-IN 

OUT 

IN 

OUT 

IN 

tlUT 

IN 

OUT 

IN 

OUT 

0. 

809.6 

750. 1 

1732.8 

1082.6 

809.6 

490.9 

0. 

567. 1 

1532.0 

1532.0 

3.9 

825.4 

753.0 

1713.1 

1086.3 

825.4 

517.1 

0. 

547.3 

1501.1 

1502.7 

7.8 

835.5 

756.2 

1690.9 

1090.7 

835.5 

534.5 

0. 

535.0 

1470.1 

1474.2 

15.5 

851 .7 

764.8 

1644.5 

1056.9 

851.7 

559.3 

0. 

521.6 

1406.7 

1418. 4 

23.3 

863.0 

776.5 

1594.8 

1022.7 

863.0 

577,6 

0. 

519.0 

I34I.I 

1363.0 

27.7 

865.8 

785.6 

1565.0 

998.1 

865.8 

535. 5 

0. 

- 523.8 

1303.7 

1332,2 

27.7 

865.6 

785.6 

1565.0 

998.1 

865.8 

585,5 

0. 

523.8 

1303.7 

1332.2 

31.4 

865.0 

794.5 

1538.5 

974.8 

865.0 

590.8 

0. 

531.3 

1272.3 

1306.6 

40.0 

350.4 

813.4 

1469.9 

915.0 

850.4 ■ 

595.8 

0. 

553.7 

1199.0 

1248.2 

49.1 

824.0 

853.9 

1389.9 

852. 1 

824. 0 

612.4 

0. 

595.2 

1119.3 

1 187.6 

58.8 

792.5 

897.6 

1300.2 

794.7 

792.5 

629.4 

0. 

640.0 

1030.8 

1 128. 1 

76.0 

704.3 

981.5 

1117.7 

725.0 

704.3 

661.0 

0. 

725.5 

867.9 

1023.2 

90.5 

625.2 

1059.9 

953.3 

713.9 

625.2 

697.9 

0. 

797.7 

719.7 

947.9 

100.0 

515,9 

111 7.5 

801.1 

744.1 

515.9 

740.7 

0. 

836.7 

612.8 

908.0 

PCT 

ABS MACH HO 

REL MACH NO 

AXIAL 

CIK 

ACC PT ACC TT 

EFFICIENCV 

IMM 

JN 

OUT 

IK 

OUT 

VEL R 


RATIO 

RATIO 

ADIA 

POLY 

0. 

0.766 

0.616 

1 .640 

0,890 

0,606 

0.496 

1.9703 

I .2788 

0.767 

0.783 

3,9 

0.783 

0.623 

1 .625 

0.898 

0.62O 

0.504 

1 .9574 

I ,2640 

0.302 

0.819 

7.8 

0.794 

0.629 

1 .607 

0.B98 

0.640 

0.512 

1 .9467 

1 .2532 

0.828 

0.844 

15.5 

0.811 

0,641 

1.566 

0.885 

0.656 

0.629 

1.9313 

1 .2376 

0.871 

0.883 

23.3 

0.823 

0.654 

1 .522 

0.861 

0.668 

0.546 

1.9210 

1.2272 

0.903 

0.912 

27.7 

0.826 

0.663 

1 .494 

0.843 

0.675 

0. 555 

I. 9 1 83 

1 .2241 

0.914 

0.922 

27.7 

0.826 

0.663 

1 .494 

0.843 

0.675 

0.555 

1 .9183 

1 .2241 

0.914 

0.922 

3.1 .4 

0.826 

0.672 

. 1 .468 

0.824 

0.682 

0.562 

I. 9194 

1 . 2229 

0.919 

0.926 

40.0 

0,810 

0.690 

1 .400 

0. 776 

0.699 

0.574 

1.9176 

I .2220 

0.922 

0.929 

49.1 

0.782 

0.726 

1 .318 

0.724 

0.742 

0.578 

1.9397 

1 .2270 

0.919 

0.926 

58.8 

0.748 

0.766 

1.228 

0,678 

0.794 

0.569 

1 .9548 

1 .2312 

0.914 

0.921 

76.0 

0.657 

0.844 

1.043 

0.624 

0.946 

0,491 

1.9809 

1.2384 

0.905 

0.91 4 

90.5 

0.578 

0.921 

0.882 

-0.620 

1.134 

0.317 

2.0021 

.1.2428 

0.904 

0.91 3 


C.41i 

•- 

L’ IVi 

C 

1 -Ti I 

(5 C2J 

Z 0122 

1 Z440 

C.5C7 

O 916 


RBAR 

INC 

DEV 

X-FACr 

ntc 

CAM 

SlGt! 

TURN 

D-FACr 

SOL 

LOSS 


< IKPiH' 

(C-H) 








COEFF 

32.640 

3. O') 

3.72 

0.20 

0.0250 

-Ol 17 

59.23 

-0.89 

0.484 

1.500 

0. 195 

31.999 

3.14 

.3.63 

0,25 

0,0.i53 

0. 11 

58,00 

-0.38 

0.471 

1.321 

0.163 

31 .365 

3.20 

3.78 

0.40 

').;J259 

0.6! 

•j6.89 

0.02 

0.464 

1.54! 

0. 1 39 

30,096 

3.52 

1.80 

0. 45 

0 . 02 74 

1 . )l 

54.79 

0.73 

0.45.5 

1.3«2 

0.100 

28. >^06 

3.83 

4.58 

l.lX) 

0. no-i 

2.27 

52.27 

1 .37 

0.460 

1.028 

0,073 

28.0 rv 

4.20 

4,64 

1.0) 

0. J3.13 

2. 71 

50.94 

2.26 

0.464 

1 . n j 7 

0.065 

R^.O/U 

4.20 

4,64 

1 . V) 

0. 1333 

2. 71 

50. V4 

2.20 

0.464 

1.657 

0.065 

27.473 

4.47 

4 . 

1 . 10 

0.037) 

3, 44 

49. 73 

3.03 

0.4 70 

1.082 

0.062 

26.069 

J.4 2 

5.40 

1 . 30 

O.OLOV 

b. >0 

40.89 

5.22 

0.4fi]5 

1.74-j 

0,06 3 

24.575 

o. Oj 

6.64 

1 . n 

).0647 

m.i3 

42.99 

9,54 

0.508 

1. 8 '2 

0.073 

22.96t) 

5. 3,' 

’.71 


').U/1>i 

17. 

3 1.23 

1 4.40 ■ 

0.322 

1.9>4 

0.039 


6. 68 

12.11 

' a') 

0.6 YV4 


2), 64 

2 7,25 

0.3l 3 

2. 140 

0.13.) 

17. 764 

>. 6 ‘,' 

14.01 

1 . Ti 

O.O— JM 

47.^) 

'2.39 

.38.66 

0.44rt 

2.414 

0.173 

16. -> )i 


1 6 . 7.2 

1. lo 

0, jva) 


12.44 

46. 30 

0. .30 7 

2.04 3 

0.230 


I'IU-1 

oi ; t 

riO; 



AUf A 

[Hl"r 

COW) 




■ uVI. 

t 

1 ' 1 1 1 1 

[0 

1 l-i-' 

llp'l 





01 '. 

75 1 

.0441 

1 .2 156 


).69I 

23/8 

.3 





BLADE BOW BRINTOUT 


(METRIC) 


SI 


pcrr 

BAniUS 

MERID 

W1GLE 

STREAM 

FUNCr 

ABS 

ANGLE 

REL 

ANGLE 

IM'( 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

0. 

82.906 

82.906 ' 

0. 

0. 

0. 

0. 

46.4 

5.0 



4.5 

81 .430 

31.640 

1.3 

O.I 

0.050 

0.050 

44.2 

5.0 



8.9 

79.985 

80., 374 

2.2 

0.9 

0.100 

0.100 

42.8 

5.0 



17.8 

77.121 

77.328 

3.7 

2.7 

0.200 

0.200 

41 .2 

5.0 



26.7 

74.247 

75.247 

4.9 

4.8 

0.300 

0.300 

40.3 

5.0 



31.7 

72.647 

73.806 

5.6 

6.0 

0.355 

0.355 

40.2 

5.0 



31.7 

72.647 

73.806 

5.6 

o.O 

0.355 

0.355 

40.2 

5.0. 



35.9 

71.322' 72.613 

6.2 

7.0 

0.400 

0.400 

40.4 

5.0. 



45.3 

68.293 

69.888 

7.7 

9.3 

0.500 

0.500 

41.3 

5.0 



55. 1 

65.136 

67.069 

9.6 

11.7 

0.600 

0.600 

42.6 

5.0 



65.3 

61 .833 

64.151 

11.8 

14.3 

0.700 

0.700 

■ 44.2 

5.0 



81.7 

56.467 

59.500 

16.7 

IS. 2 

0.850 

0.850 

46.9 

5.0 



93.6 

■ 52.514 

56'. 167 

21 .2 

20.9 

0.950 

0.950 

49.0 

5.0 



100.0 

50.391 

54.399 

23.4 

22.7 

1.000 

1 .000 

49.7 

5.0 



PCT 

ABS 

VEL 

REL 

VEL 

MERID 

VEL 

TANG VEL 

0UDE 

SPEED 

TMH 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

. OUT 

IN 

OUT 

0. 

238.8- 

184.5 



164.7 

183.8 

172.9 

1 6. 1 



4.5 

239.0 

185.3 



171.4 

184.6 

166.6 

16.2 



8.9 

239.3 

186.7 



175.5 

136.0 

162.6 

16.3 



17.8 

,240.8 

189.6 



181 .4 

188.9 

158.3 

16.5 



26.7 

243.5 

.192.2 



185.9 

191.4 

157.2 

1 6.7 



31.7 

245.9 

193.8 



188.1 

193.1 

158.4 

16.8 



31.7 

245.9 

193.8 



188. 1 

193. 1 

158.4 

16.3 



35.9 

248.5 

195.2 



189.7 

194.5 

160.5 

16.9 



45.3 

254.2 

196.4 



191 .8' 

195.6 

166.9 

16.9 



55.1 

266.3 

202.2 



197.2 

201.5 

179.0 

17.3 



65.3 

278.7 

205.7 



201.9 

205.0 

192.1 

17.4 



81.7 

302.9 

212.5 



211 .5 

211.7 

216.8 

17.6 



93.6 

325.0 

219.3 



221 .8 

218.6 

237.5 

17.9 



100.0 

338.4 

222.2 



229.5 

221.4 

248.7 

17.9 



PCT 

ABS MACH NO 

REL MACH NO 

AXIAL 

CH^ 

ACC PT 

ACC TT 

EFFICIENCY 

IHM 

IN 

OUT 

IN 

OUT 

VEL R 


RATIO 

RATIO 

ADIA 

POLY 

0. 

0.646 

0. 491 



1.115 

0.323 

1.9261 

1.2788 

0.739 

0.762 

4.5 

0.651 

0.496 



1.078 

0.326 

1.9169 

1 .2640 

0.774 

0.794 

8.9 

0.655 

0.503 



1 .060 

0-324 

1 .9093 

1 .2532 

0.802 

0.81 9 

17.8 

0.663 

0.514 



1.042 

0.326 

I . 9004 

1 .2376 

6^843 

0.86! 

26.7 

0.674 

0.524 



1.030 

0.333 

1.8951 

1 .2272 

0.883 

0.893 

31.7 

0.683 

0.529 



1 .026 

0.339 

I ,8943 

1 .2241 

0.895 

0.904 

31.7 

0.683 

0.529 



1 .026 

0.339 

I. 8948 

1.2241 

0.895 

0.904 

35.9 

0.69! 

0.533 



1 .024 

0. 346 

1.8967 

1 .2229 

0.901 

0.909 

45.3 

0.709 

0.537 



1 .016 

0.372 

1.8971 

1 .2220 

0.905 

0,913 

55.1 

0.744 

0.553 



1.014 

0.393 

1.9178 

1 .2270 

0.902 

0.910 

65.3 

0.782 

0.562 



1 .005 

0.424 

1.9300 

1.2312 

0.894 

0.904 

81.7 

0.856 

0.580 



0.993 

0.467 

1.9419 

1 .2384 

0.B77 

■ 0.888 

93.6 

0.927 

0.599 



0.988 

0.483 

1.9350 

1.2428 

0.855 

0.863 

100.0 

0.972 

0.607 



0.970 

0.490 

1.9184 

1.2440 

0.839 

0.833 


RBAR 

INC 

DEV 

X-FACT 

TMC 

CAM 

STGR TURN 

D-FACT 

SOL 

LOSS 


(INPUT (C-R) 







COEFF 

82.906' 

0.35 

8.82 

0, 

0.1000 

49.85 

21.10 41.38 

0.400 

1.900 

0.092 

81.535 

0.60 

3.22 

0. 

0.0990 

46.82 

20.19 39.20 

0.389 

1.911 

0.084 

80.179 

0.90 

7.80 

0. 

0.0975 

44.74 

19.57 37.84 

0.378 

1.922 

0.077 

77.475 

1.25 

7.28 

0. 

0.095! 

42. 18 

18.81 36,15 

0.363 

1.943 

0.063 

74,747 

1.55 

'6.97 

0. 

0.0921 

40.73 

13.39 35.31 

0.356 

1.964 

0.051 

73.227 

1 .70 

6,90 

0. 

0.0902 

40,45 

1 8. .32. 354^5 

0.356 

1.975 

0.047 

73.227 

1 .70 

6.90 

0, 

0.0902 

40.45 

1 ^3'2.te5r.-25 

0.356 

1.975 

0.047 

71 .967 

1.80 

6.90 

0. 

0.0883 

40.50 

18.^35 3:5'; 41 

0.353 

1.985 

0.043 

69.091 

1 .80 

7.06 

0. 

0;0841 ■ 

4T.56 

18: 72 36.29 

0.373 

2.005 

0.038 

66,103 

1 .80 

7.32 

0. 

0.0807 

43.15 

19.25 37,63 

0. 388 

2.025 

0.037 

62.992 

1 .80 

7.65 

0. 

0.0755 

45.03 

19.87 39.18 

0.412 

2.045 

0.038 

57.984 

1-80 

8.23 

0. 

0.0664 

48. .37 

20.96 41. '94 

0.452 

2.074 

0.052 

54.340 

1 .60 

8.70 

0. 

0.0575 

5! .07 

'2L,8:J-^'3.9 7 

0.430 

2.093 

0.079 

52.395 

l.IO 

3.99 

0. 

0.0543 

52.64 

-,22.“3'2 44.74 

0.499 

2.102 

0.103 


iNLirr 

CORK 

PRESS 

TEMP 


ADIA INLET CORR 




flTFLON 

I'ATIO 

RATIO ‘ 

EFF ■ RPM 





371. 

,83 1 

.9153 

1.2356 C 

1,867 5378 

• 5 




56 



(ENGLISH) 


BLADE R{)W PRINTOUT 


Si 


PCT 

RADIUS 

MERID 

ANCLE 

STREAM 

FUNCT 

ABS 

ANCLE 

REL 

ANCLE 

IMM 

IN 

OUT 

IN 

OUT 

IN 

our 

IN 

OUT 

IN 

OUT 

0. 

32.640 

32.640 

0. 

0. 

0. 

0. 

46.4 

5.0 



4.5 

32.059 

32, 142 

1 .3 

0.1 

0.050 

0.050 

44.2 

5.0 



8.9 

31 .490 

31.643 

2.2 

0.9 

0.100 

o.too 

42.3 

b.O 



17.8 

30.363 

30,64 1 

3.7 

2.7 

0.200 

0.200 

41.2 

5.0 



26.7 

29.231 

29.625 

4.9 

4.8 

0.300 

0.300 

40.3 

5.0 



31.7 

28,601 

29.057 

5.6 

6.0 

0.355 

0.355 

40.2 

5.0 



31 .7 

28.601 

29.057 

5.6 

6.0 

0.355 

0.355 

40.2 

' 5.0 



35.9 

28.079 

28,588 

6.2 

7.0 

0.400 

0.400 

40.4 

5.0 



45.3 

26.887 

27.515 

7.7 

9.3 

0.500 

0.500 

41.3 

5.0 



55,1 

25.644 

26.405 

9.6 

11.7 

0.600 

0.600 

42,6 

5.0 



65.3 

24.344 

25.256 

1 1 .8 

14.3 

0.700 

0.700 

44.2 

5.0 



81 .-7 

22.231 

23.425 

16.7 

18.2 

0.850 

0.850 

46.9 

5.0 



93.6 

20.675' 

22. 113 

21.2 

20.9 

0.950 

0.950 

49.0 

5.0 



100,0 

1 9.839 

21.417 

23.4 

22.7 

1.000 

1 .000 

49.7 

5,0 



PCT 

ABS 

VEL 

REL VEL 

MERID 

VEL 

TANG VEL 

BLADE 

SPEED 

IMM 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT • 

IN. 

OUT 

0. 

783.4 

605.2 



540.5 

602.9 

567.1 

52.7 



4.5 

784.1 

608.0 



562.2 

605,7 

546,6 

53.0 



8.9 

785.1 

612.7 



575.9 

610.4 

533.6 

53.4 



17.8 

789.9 

622.0 



595.2 

619,6. 

519.2 

54.2 



26.7 

798.7 

630,5 



610.0 

628. 1 

515.6 

54.8 



31.7 

806.8 

635.8 



617.0 

633.4 

519.8 

65.1 



31 .7 

806.8 

635.8 



617.0 

633.4 

519.8 

55.1 



35.9 

815.3 

640.6 



622.4 

638. 1 

526.7 

55.4 



45.3 

834,1 

644.2 



629.2 ■ 

641.9 

547.7 

55.4 



55.1 

873.7 

663.4 



646.9 

661 .0 

587.2 

56.6 



65.3 

914.2 

674.8 



662.3 

672.4 

630,2 

57.0 



81,7 

993.8 

697.0 



693.9 

694,7 

711.4 

57.7 



93.6 

1066.2 

719.6 



727.7 

717.2 

779.2 

58.6 



100.0 

1110.2 

728,9 



752,8 

726.5 

815.9 

58.6 



PCT 

ABS MACH NO 

REL MACH N(] 

AXIAL 

CW' ACC PT 

ACC TT 

EFEICIENOy 

IMM 

IN 

OUT 

IN 

OUT 

VEL R 

RATIO 

RATIO 

AOIA 

POLY 

0. 

0.646 

0.491 



1.115 

0.323 1 

.9261 

1 .2788 

0.739 

0.762 

4.5 

0.651 

0.496 



1.078 

0.326 1 

.9169 

1 ,2640 

0.774 

0.794 

8.9 

0.655 

0.503 



1 .060 

0.324 1 

.9093 

1 .2532 

0.802 

0.819 

17.8 

13.663 

0.514 



I .042 

0.326 1 

.9004 

1 .2376 

0.843 

0.861 

26.7 

0.674 

0.524 



1.030 

0.333 1 

,8951 

1 .2272 

0.863 

0.393 

31.7 

0.603 

0.529 



1.026 

0.339 1 

.8948 

1 .2241 

0.895 

0.904 

31.7 

0.633 

0.529 



1.026 

0.339 1 

.8948 

1 .2241 

0.895 

0.904 

35.9 

0.691 

0,533 



1 .024 

0.346 1 

.8967 

1.2229 

0,901 

0.909 

45.3 

0,709 

0.537 



1.016 

0.372 1 

.8971 

1.2220 

0.905 

0.913 

55.1 

0.744 

0.553 



1 .014 

0.393 1 

.9178 

1.2270 

0.902 

0.910 

65.3 

0.782 

0,562 



1 .005 

0.424 ! 

.9300 

1 .2312 

0.894 

0.904 

81.7 

0,856 

0.580 



0.993 

0.467 1 

.9419 

1 .2384 

0,377 

0,888 

93,6 

0.927 

0.599 



0.983 

0.483 1 

.9350 

1 ,2428 

0.855 

0.868 

100.0 

0.972 

0.607 



0.970 

0.490 1 

.9184 

1.2440 

0.839 

0.853 

R8AR 

INC 

DEV 

X-FACT 

TMC 

CAM 

STGR 

TORN 

D-FACT SOL 

LOSS 


(INPUT (C-R) 








COEFF 

32.640 

0.35 8.82 

0. 

0. 1000 

49'. 8 5 

21.10 

41 .38 

0,400 

1.900 

0.092 

32.100 

0.60 3.22 

0. 

0.0990 

46.82 

20,19 

39.20 

0.389 

1.911 

0.084 

31,567 

0.90 7.80 

0. 

0.0975 

44,74 

19.57 

37.84 

0.378 

1.922 

0.077 

30.502 

1.25 7.28 

0. 

0.095 1 

42. IS 

18.81 

36.15 

0.363 

1.943 

0.063 

29.428 

1.55 6.97 

0. 

0.0921 

40.73 

18.39 

35.31 

0.356 

1,964 

0.051 

28.829 

1,70 6.90 

0. 

0.0902 

40.45 

18.32 

35.25 

0.356 

1.975 

0.047 

28.829 

1.70 ' 6.90 

0. 

0.0902 

40.45 

18.32 

35.25 

0.356 

1.975 

0.047 

28.334 

1.80 6.90 

0. 

0.0883 

40.50 

18.35 

35.41 

0.358 

1.985 

0.043 

27.201 

1.80 7,06 

0. 

0.084 1 

41.56 

18.72 

36.29 

0.373 

2.005 

0.038 

26.025 

1.80 7.32 

0. 

0.0807 

43. 1 5 

19.25 

37.63 

0.388 

2.025 

0.037 

24.800 

1.80 7.65 

0. 

0.0755 

45.03 

19.87 

39.18 

0.412 

2.045 

0.038 

22.828 

1.80 8.23 

0, 

0.0664 

48. 37 

20.96 

41 .94 

0.452 

2.074 

0.052 

21 .394 

1.60 8.70 

0. 

0,0575 

51.07 

21.83 

43.97 

0.480 

2.093 

0.079 

20.623 

1.10 8.99 

0, 

0.0543 

52.64 

22.32 

44,74 

0.499 

2.102- 

0. 103 


INLET CORH RRR-5S TEMP ADIA INLET CORR 

WTFLOM ratio RATIO EFF fiPM 

I.9I5T I.RS5A Oi,867 5378.5 


OF POOR 




BLADE ROW printout (HCTBIC) 

R2 


per 

RADIUS 

HERID 

ANGLE 

STREAM 

FUNCT 

ABS 

ANGLE 

REL 

ANGLE 

IHH 

IN - 

(JUT 

IN 

(JUT 

IN 

(JUT 

IN 

(JUT 

IN 

(JUT 

0. 

82.784 

82,381 

-3.4 

-2.2 

0. 

0. 

4.7 

43.4 

66.4 

60. 1 

4.7 

81 .586 

81,308 

-1 .8 

-1,4 

0.050 

0.050 

4.7 

46.7 

65.9 

59.5 

9.4 

80.389 

80.263 

-0.6 

-0,4 

0.100 

0.100 

4.6 

45.4 

65.3 

58.8 

ta.6 

77.987 

78,222 

1 .6 

1.9 

0.200 

0.200 

4.6 

43.4 

64.2 

57.6 

27.8 

75.557 

76.219 

4.0 

4.2 

0.300 

0,300 

4.6 

42-, 4 

63.1 

56.3 

32.9 

74.201 

75. J22 

5.3 

5.5 

0.355 

0.355 

4,6 

42.2 

62.5 

55.4 

32.9 

74.201 

75.122 

5.3 

5.5 

0.355 

0,355 

4.6 

42.2 

62.5 

55.4 

37.1 

73.080 

74.221 

6.5 

6.6 

0.400 

0.400 

4.6 

42.2 

62.0 

54.6 

4(5.7 

70. 522 

72.195 

9.1 

8.9 

0.500 

0,500 

4,6 

42.4 

61.1 

52.7 

56.4 

67.871 

70,143 

1 1 .7 

11.2 

0.600 

0.600 

4.6 

42. 1 

59.7 

60.4 

66.5 

65. 115 

68.054 

14.3 

13.6 

0.700 

0. 700 

4.6 

42.8 

58.6 

47.8 

82.5 

60.691 

64.777 

17.9 

17.4 

0.850 

0.850 

4,7 

44,5 

57.0 

43.0 

94.0 

57.476 

62.477 

19,6 

20.5 

0.950 

0.950 

4.8 

46.3 

55.9 

33.7 

100.0 

55.781 

61.268 

19.2 

22.3 

1 .000 

1 .000 

4.7 

47.3 

54.6 

35.6 

PCT 

ABS 

VEL 

PEL VEL 

MERID 

VEL 

TANG VEL 

BLADE 

SPEED 

IMM 

IN 

(JUT 

IN 

(JUT 

IN 

OUT 

IN 

(JUT 

IN 

(JUT 

0. 

198.0 

243.6 

491.5 

326.2 

197.4 

161.9 

16.1 

J82.0 

466.3 

464.0 

4.7 

199,2 

242.2 

485,8 

327.2 

198.6 

166.3 

16.2 

176. 1 

459.5 

453,0 

9.4 

201.4 

241,3 

480.5 

327,6 

200.7 

169.5 

16.3 

171.7 

452.8 

452. 1 

18.6 

205.2 

240.5 

469.7 

326.0 

204.6 

174.6 

16,5 

165.3 

439.3 

440.6 

27.8 

208.5 

241.4 

453.7 

321 .0 

207.9 

178.5 

16.6 

162.5 

425.6 

429.3 

32.9 

210.5 

242.9 

452.8 

316.8 

209.9 

130.4 

16.7 

162.7 

417.9 

423. 1 

32.9 

210.5 

242.9 

452.8 

316. S 

209.9 

180.4 

16.7 

162.7 

417.9 

423. 1 

37. 1 

212.3 

244.6 

448.0 

312.7 

211.6 

181 .a 

16.8 

163.6 

411.6 

418,0 

46.7 

213.4 

249.2 

435.9 

302.8 

212.7 

185. 1 

16.7 

166.9 

397.2 

406,6 

56.4 

218.6 

254,9 

425,3 

295.6 

217.9 

190.6 

17.1 

169.2 

382.3 

395. I 

66.5 

221. I 

261.5 

41 3.3 

285. 1 

220.4 

194.6 

17,1 

174.8 

366.8 

383.3 

82.5 

22! .9 

273.8 

392.8 

267.4 

221.2 

199.8 

17.3 

187.2 

341 .6 

364.8 

94.0 

221.1 

284.7 

377.3 

254.2 

220.4 

203.4 

17.5 

199.3 

323.7 

351.9 

100.0 

224. 1 

293.7 

371 .5 

248.9 

223.4 

207.6 

17.4 

207.8 

314.2 

345. r 

PCT 

ABS MACH NO 

REL MACH HO 

AXIAL 

CH' 

ACC PT 

ACC TT 

EFFICIENCnr 

IMH 

IN 

OUT 

IN 

(JUT 

VEL H 


RATIO 

RATIO 

ADIA 

POLY 

0, 

0.529 

0.598 

I.3I3 

0.798 

0.S2I 

0.441 

3. 2922 

1.5424 

0.745 

0.783 

4.7 

0.536 

0.600 

1 .306 

0.810 

0.838 

0. 444 

3.2707 

1 .5150 

0.780 

0.813 

9.4 

0.544 

0.601 

1 .298 

0.316 

0.844 

0.449 

3.2528 

1 .4942 

0.808 

0.837 

18.6 

0.559 

0,606 

1.279 

0.821 

0.854 

0.458 

3.2262 

1.4628 

0.857 

0.878 

27.8 

0.571 

0.613 

1 .256 

0.815 

0.859 

0.465 

3. 2065 

I .4425 

0.891 

0.907 

32.9 

0.578 

0.618 

1 .242 

0.807 

0.859 

0.468 

3.1990 

1 ,4366 

0.901 

0.915 

32.9 

0.578 

0.618 

1 .242 

0.807 

0.S59 

0.468 

3,1990 

1 ,4366 

0.901 

0.915 

37.1 

0.583 

0.624 

1 .230 

0.797 

0.859 

0.470 

3. 1955 

1.4342 

0.905 

0.919 

46.7 

0,586 

0.637 

1.198 

0. 774 

0.870 

0.474 

3. 1941 

1 .4323 

0.903 

0.922 

56.4 

0.600 

0.652 

1.168 

0.756 

0.876 

0.470 

3.1941 

1,4342 

0.904 

0.918 

66.5 

0.607 

0.669 

1.134 

0. 729 

0,885 

0.464 

3.1941 

1 .4398 

0.893 

0.909 

82.5 

0.607 

0.700 

1 .075 

0.684 

0.905 

0.446 

3. 1941 

1 .4526 

0.867 

0.887 

94.0 

0.604 

0.728 

1 .030 

0.650 

0.918 

0.430 

3.1941 

1.4641 

0.846 

0.868 

100.0 

0.612 

0.751 

1 .015 

0,636 

0.910 

0.423 

3.1941 

1.4713 

0.833 

0.857 

RGAR — 

--INC DEV 

(INPUT (C-R) 

X-FACT 

THC 

cam- 

~ STGR -TURN 

- 0-fACT -- SOL 

LOSS 

COEFF 

52.583 

3.00 3.42 

0. 

0.0253 

6.63 

60.05 6,22 

0,459 

1 .■^90 

o.mi 


3,00 2.90 

-0.30 

0.02 64 

6.32 

59.72 6.42 

0.444 

1*40? 

o.isc 

BO. 326 

3,10 2.39 

-0.60 

0.0276 

5.75 

59.33 6.46 

0.4JJ 

1.41? 

(J.ISO 


78. 105 3.40 1.68 -1.00 C.0301 4.85 58. 3’ 6.57 0.416 1.44A 0.06? 

75.868 3.90 1.37 -1.00 0.0326 4. 50 56.96 6.85 0.407 1.494 0.06<> 

74.662 4.20 1.60 -0.98 0.0339 4.47 56.05 7.07 0,407 1,525 0.065 

74.662 4.20 1.60 -0.98 0.0539 4.47 56.05 7.07 0.407 1.525 0.065 

73,651 - 4, 50 1.66 -0,95 0.0351 4.4 9 55,22 7, 34 0.409 1 ,555 0.065 

71.358 5.25 2.20 -0.60 0.0382 5.38 53.15 8.43 0.413 1.620 0.065 

69.007 6.00 2,73 -0.25 0.0419 6.06 50.68 9, 33 0.413 1.694 0.070 

66.585 6,60 - 3.63 0.20 0.0460 7. 80 48.07 10.77 0.421 1 ,772 0.088 

62. 734 7.40 5. 58 1.10 0,0539 12. 22 4 3. 52 14.04 0.438 1.888 0.1 29 

59,976 7.80 7.16 1 .65 0.0612 16.54 3 9.80 17.18 0.455 1 .966 0.162 

58. 525 S.OO 8.13 . 2.00 0.0657 ' 19.15 37.01 19.02 0.465 2.006 0.177 

'inlet corr press tehp aoia inlet corr 

... UTPLOW . RAT 10 . RAT 10 - 6f F ' - RPM 

371.83 3.21 07 1.4546 0.868 5378.5 
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BLADE BOH PRINTOUT 


(ENGLISH) 


R2 


°CT RADIUS MERID ANGLE 

I MM IN OUT IN OUT 

0- 32.592 32.433 -3.4 -2.2 


4.7 

32.120 

32.011 

-1.8 

-1.4 

9.4 

31 .649 

31 .599 

-0.6 

-0.4 

IB. 6 

30.703 

30.796 

1.6 

1 .9 

27.8 

29.747 

30.007 

4.0 

4.2 

32.9 

29.213 

29.576 

5.3 

5.5 

32.9 

29.213 

29.576 

5.3 

5.5 

37.1 

28.772 

29.221 

6.5 

6.6 

46.7 

27.765 

28.423 

9.1 

8.9 

56.4 

26.721 

27.615 

1 1.7 

1 1 .2 

66.5 

25.636 

26. 793 

14.3 

13.6 

82.5 

23.894 

25.503 

17.9 

17.4 

94.0 

22.628 

24.597 

19.6 

20.5 

100.0 

21.961 

24. 121 

19,2 

22.3 

PCT 

ABS 

LiJ 

> 

REL 

VEL 

I«M 

IN 

OUT 

IN 

OUT 

0. 

649.7 

799.3 

1612.6 

1066,8 

4.7 

653.7 

794.8 

1593.8 

1073.6 

9.4 

660.7 

791.5 

1576.3 

1074.7 

18.6 

673.3 

788.9 

1540,9 

1069.5 

27.8 

684.2 

792. 1 

1505.1 

1053.2 

32.9 

690.7 

797.0 

1485.5 

1039.5 

32.9 

690.7 

797.0 

1485.5 

1039.5 

37.1 

696,4 

802.5 

1469,7 

1025.8 

46.7 

700. 1 

817.6 

1430. 1 

993.6 

56.4 

717. I 

836.2 

1395.3 

969.7 

66.5 

725.4 

858.0 

1356.0 

935,4 

82.5 

727.9 

898.2 

1283.7 

877.2 

94.0 

725.2 

934.2 

1237.9 

834.1 

100.0 

735.3 

963.7 

1218.7 

816.5 

PCT 

ABS MACH NO 

REL MACH NO 

I MM 

IN 

OUT 

IN 

OUT 

0. 

0.529 

0.598 

1 .313 

0.798 

4.7 

0.536 

0.600 

1 .306 

0.810 

9.4 

0.544 

0,601 

1 .298 

0.816 

18.6 

0.559 

0.606 

1 .279 

0.821 

27.8 

0.571 

0,613 

1 .256 

0.815 

32.9 

0.578 

0.618 

1,242 

0.307 

32.9 

0.578 

0.61 3 

1.242 

0. 807 

37.1 

0.583 

0.624 

1 .230 

0.797 

46.7 

0.586 

0.637 

1 . I9R 

0. 774 

56.4 

0.600 

0.652 

1.168 

0.756 

66.5 

0.607 

0,669 

1.134 

0.729 

82.5 

0.607 

0.700 

1.075 

0.634 

94.0 

0.604 

0.728 

1 .030 

0.o50 

100.0 

0,612 

0.751 

1. 015 

0.636 


STREAM 

i FUNCT 

ABS 

IN 

OUT 

IN 

0. 

0. 

4.7 

0.050 

0,050 

4.7 

0.100 

0, 100 

4.6 

0.200 

0.200 

4.6 

0.300 

0,300 

4.6 

0.355 

0.355 

4.6 

0.355 

0.355 

4.6 

0.400 

0.400 

4.6 

0.500 

0.500 

4.6 

0.600 

0.600 

4.6 

0,700 

0.700 

4.6 

0.850 

0.850 

4.7 

0.950 

0.950 

4.8 

1,000 

1 .000 

4,7 

MERID 

UJ 

> 

Tang 

IN 

OUT 

IN 

647.5 

531.3 

52.8 

651.5 

545.6 

53,0 

658.6 

556.0 

53.4 

671.1 

572.9 

54,0 

682.0 

585.8 

54.5 

838.5 

591 .9 

54.8 

683.5 

591,9 

54.8 

694.2 

596.4 

55.1 

698,0 

•607. 1 

54,9 

714,9 

625,4 

55.9 

723.2 

638. 1 

56.2 

725.7 

655.5 

56.6 

723.0 

667.2 

57.3 

733.1 

681.1 

57.2 


ANGLE 

REL 

ANGLE 

OUT 

IN 

OUT 

48,4 

66.4 

60.1 

46.7 

65.9 

59,5 

45.4 

65.3 

56.8 

43.4 

64.2 

57.6 

42.4 

63.1 

56,3 

42.2 

62.5 

55.4 

42.2 

62.5 

55.4 

42.2 

62.0 

54. 6 

42.4 

61.1 

52.7 

42. 1 

59.7 

50.4 

42.8 

58.6 

47.8 

44.5 

57.0 

43.0 

46.3 

55.9 

38.7 

47.3 

54,6 

35.6 

VEL 

BLADE 

SPEED 

OUT 

IN 

OUT 

597.2 

1529.8 

1522,3 

577.9 

1507.6 

1502.5 

563.4 

1485.5 

1483.2 

542.4 

1441.1 

1 445.5 

533,2 

1396.2 

1408.4 

533.7 

1371.2 

1388.2 

533,7 

1371.2 

1383.2 

536,9 

1350.4 

1371.5 

547.6 

1303.2 

1334.1 

555, 1 

1254.2 

1296,2 

573.6 

1203.3 

1257.6 

614,0 

1121.5 

1 197.0 

653.9 

1062.1 

1154.5 

681.3 

1030,8 

1 132.2 


AXIAL CH" ACC PT 
V£L R rati O 

0.821 0.441 3.2922 

0.838 0.444 3.2707 

0.844 0.449 3.2528 

0.854 0.458 3.2262 

0.859 0.465 3.2065 

0.859 0.468 3.1990 

0.859 0.468 3.1990 

0.859 0.4703.1955 

0.870 0.474 3.1941 

0.876 0.470 3.1941 

0.8S5 0.464 3.1941 

0.905 0.446 3.1941 

0.918 0.430 3.1941 

0.910 0.423 3.1941 


ACC TT EFFICIENCY 
RAT It} ADiA POLY 
1.5424 0.745 0.783 

1.5150 0.780 0.813 

1.4942 0.808 0.837 

I.4ya 0.857 0.878 

1.4425 0.891 0.907 

1.4366 0.901 0.915 

1.4366 0.901 0.915 

.4342 0.905 0.919 

.4323 0.908 0.922 

.4342 0.904 0.918 

.4398 0.893 0.909 

.4526 0.S67 0.637 

.4641 0.846 0.868 

.4713 0.333 0.SS7 


RSAR 

INC 

(INPUT 

DEV 
( C-R) 

X-f ACT 

THC 

CAH 

STGR 

TURN 

0-FACT 

SOL 

LOSS 

COEFF 

32, 513 

. 3,00 

3.42 

0. 

0.0253 

6.63 

60.05 

*.22 

,0.459._ 

.3.399 

0.181 

32.066 

3.00 

2.90 

-0.30 

0.02 64 

- 6,3 2 

59.72 

6.42 

0.444 

1 .402 

0.154 

31.624 

3.10 

2.39 

-0.60 

0.0276 

5.75 

59.33 

6.46 

0.433 

1.4 12 

0. 1 30 

30.75C 

3.40 

1.68 

-1 .00 

0.0301 

4.85 

58.37 

6.57 

0.416 

1.444 

0.092 

- 29.A77 

3.90 . 

1.57 

-T.OO 

0.0326 

4.50 

56.06 

6.83 

0.407 

1 .494 

0.069 

29.394 

4,20 

1.60 

-0.9S 

0.0339 

4.47 

56.05 

7.07 

0.4 0 7 

1 .525 

0.065 

29.394 

4.20 

1.60 

-0.98 

0.0339 

4,47 

56,05 

7.07 

0.407 

1.525 

0.065 

28. 996 

4.50 - 

1.66 

-0.95 

0.0351 

4.49 

55.22 

7.34 

0.409 

1 .553 

0.065 

28.094 

5.25 

2.20 

-0.60 

0.0382 

5.38 

53.15 

8,43 

0,41 3 

1 .(.20 

0.G65 

27,168 

6.00 

2.73 

-0,25 

0.0419 

6.0'6 

50.63 

9,33 

0.41 3 

1 .694 

0.070 

26.21 4 

6.60 - 

5,63 

• 0.20 

0.04 60 

- 7.8C 

48.07 

10.77 

0.421 

1.772 

0.088 

24,698 

7.40 

5.58 

1.10 

0.0539 

12, 22 

4 3.52 

14,04 

0.438 

1.888 

0,129 

23.61 3 

7.80 

7.16 

1 .65 

0.0612 

16.54 

39.80 

17.18 

0.455 

1 .966 

0.16 2 

23.04 1 

8.00 - 

8,13 

-- 2,00 

0.0657 

-- 19.15 

37.01 

19,02 

0.465 

2.006 

0.177 
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BLADE ROW PRINTOUT 


(METRIC) 


S2 


PCT 

RADIOS 

IMM 

IN 

OUT 

0. 

82.265 

81.912 

5.0 

81.252 

80.974 

9.8 

80.263 

80.044 

19. 4 

78.324 

73.202 

28.9 

76.409 

76.373 

34.1 

75.355 

75.369 

34.1 

75.355 

75.369 

38.4 

74.488 

74,547 

48. 1 

72.533 

72.707 

57.8 

70.533 

70.845 

67.8 

68.494 

68.951 

83.4 

65.274 

66.033 

94.3 

62.932 

64.025 

100.0 

61 .77! 

62.996 

PCT 

ABS 

VEL 

IMM 

IN 

OUT 

0. 

251.5 

176.5 

5.0 

250.4 

177. 1 

9.8 

249.5 

178.5 

19.4 

248.6 

181.2 

28.9 

249.2 

184. 1 

34.1 

250.4 

185.9 

34.1 

250.4 

185.9 

38.4 

251.8 

187.4 

48.1 

255.7 

190.6 

57.8 

260.4 

193.6 

.67.8 

266.2 

196.8 

83.4 

276.7 

'202.3 

94.3 

285.4 

206.9 

100.0 

290.0 

209.8 

PCT 

ABS MACH NO 

IMM 

IN 

OUT 

0. 

0.618 

0.426 

5.0 

0.621 

‘ 0.431 

9.8 

0.623 

0.438 

19.4 

0.628 

0.450 

28.9 

0.6'34- 

0.461 

34.1 

0.639 

0,466 

34.1 

0.639 

0.466 

38.4 

0.644 

0.470 

48.1 

0.655 

0.479 

57,8 

0.667 

0,487 

67.8 

0.682 

0.494 

83.4 

0.708 

0.506 

94.3 

0.730 

0.516 

100.0 

0.741 

0.523 




NACA 65 

MERID 

angle 

STREAM 

IN - 

OUT 

IN 

-1 .9 

-3.1 

0. 

-0.7 

-3.5 

0.050 

0.2 

-3.8 

O.lOO 

1,9 

-4. 1 

0.200 

3,6 

-4.3 

0.300 

4,5 

-4.4 

0.355 

4.5 

-4.4 

0.355 

5.2 

-4,4 

0.400 

7.1 

-4.5 

0.500 

9.1 

-4.4 

0.600 

1 1 .2 

-4.2 

0.700 

14.7 

-3.5 

0.850 

17.5 

-2,4 

0.950 

18.6 

-1.7 

1. 000 

REL 

VEL 

HER ID 

IN 

OUT 

IN 


173.3 

177.8 
181.0 
185. S 
189.2 

190.8 

190.8 

191.9 

194.4 
193-7 
201 -7 
205. 1 

205.9 
204.0 

REL MACH No AXIAL 
IN OUT VEL R 
1.017 
0.994 
0.984 
0.973 
0.972 
0.974 
0.974 
0.977 
0.985 
0.984 
0..992 
i.OlB 
1.053 
1.085 


FOIL 



FUNCT 

ABS 

ANGLE 

OUT 

IN 

OUT 

0. 

46.5 

0. 

0.050 

44.7 

0. 

0. ICO 

43.5 

0. 

0.200 

41 .6 

0. 

0.300 

40.6 

0. 

0.355 

40.4 

0. 

0.355 

40.4 

0. 

0.400 

40.5 

0. 

0.500 

40.7 

0. 

0.600 

40.6 

0. 

0.700 

41.3 

0. 

0.850 

43.1 

0. 

0.950 

45.2 

0. 

1.000 

46.8 

0. 

VEL 

TANG VEL 

our 

IN 

OUT 

176.5 

182.3 

0. 

177.1 

176.3 

0. 

178.5 

17I.7- 

0. 

181.2 

165.1 

0. 

184.1 

162,1 

0. 

185-9 

162.2 

0. 

185.9 

162.2 

0. 

187.4 

163.1 

0. 

190.6 

166.1 

0. 

193.6 

168.3 

0. 

196.8 

173.7 

0. 

202.3 

185.7 

0. 

206.9 

197.7 

0. 

209.8 

206-. 1 

0, 

CIK 

ACC PT 

ACC TT 


RATIO 

RATIO 

0.433 

3.2297 

1.5424 

0.431 

3.2125 

1.5150 

0.426 

3.2004 

1.4942 

0,41 7 

3.1623 

1.4628 

0.411 

3. 1 696 

1.4425 

0.410 

3.1651 

1.4366 

0,410 

3. 1651 

1.4366 

0.41! 

3.1635 

1.4342 

0.413 

3.1650 

1.4323 

0.416 

3-1644 

1.4342 

0.420 

3.1609 

1.4398 

0,420 

3. 1456 

1.4526 

0.408 

3.1191 

1.4641 

0.392 

3.0973 

1.4713 


REL ANGLE 
IN our 


BLADE SPEED 
IN OUT 


EFFICIENCY 
ADI A POLY 
0.731 0.771 

0.7<56 0.800 

0.795 0.026 

0.845 0.868 

0.880 0.898 

0.891 0.907 

0.891 0.907 

0.895 0.911 

0.900 0.915 

0.896 0,911 

0.883 0.900 

0.854 0.875 

0.825 0.851 

0.807 0.835 


RBAR 

INC 

( INPUT 

DEV 

(C-R) 

X-FACT 

TMC 

CAM 

STGR 

TURN 

D-FACT 

SOL 

LOSS 

COEFF 

82.089 

‘-0.60 

9.96 

0. 

0.0800 

57-. 02 

18.56 

46.46 

0.489 

1 .909 

0.084 

81.113 

-0.45 

9.47 

0. 

0.0785 

54.67 

17.86 

44.75 

0.476 

1.919 

0.078 

80.154 

-0.30 

9.10 

0. 

0.0771 

52.90 

17.35 

43.50 

0.463 

1 .930 

0,070 

78.263 

0. 

8.54 

0. 

0.0744 

50. 18 

16.55 

41.64 

0.442 

1 .950 

0.058 

76.391 

0.30 

8. 19 

0. 

0,0717 

48.53 

16.08 

40.64 

g.426 

1.970 

0,049 

75.362 

0.40 

8, to 

0, 

0,0704 

48.14 

15.98 

40.45 

0.421 

1.981 

0.044 

75.362 

0.40 

8.10 

0,. 

0.0704 

48.14 • 

15.98 

40.45 

0.421 

1.981 

0.044 

74.517 

0.50 

8.06 

0. 

0.0694 

48,03 

16.96 

40,47 

0.419 

J.990 

0.041 

72.620 

0.60 

3.0b 

0. 

0.0673 

48, 18 

16.04 

40.74 

0.416 

2.010 

0.036 

70.692 

0.70 

7.95 

0. 

0.0634 

47.87 

15.98 

40.62 

0.415 

2.030 

0.036 

68.722 

0.78 

8.04 

0. 

-0.0634 

48.54 

16.23 

41 .28 

0.419 

2.050 

0.039 

65.653 

0.88 

8.36 

0. 

0.0600 

50.59 

16.94 

43.12 

0.429 

2.081 

0.054 

63.503 

0.96 

8.76 

0. 

0.0569 

53.00 

17.74 

45.20 

0.439 

2.103 

0.079 

62.384 

1 .00 

9.11 

0. 

0,0553 

54.93 

18.36 

46.83 

0.443 

2.112 

0.099 


INLET CORR PRESS TEMP 

WTFLOH RATIO RATIO 

371.83 3. 1674 1.4546 


ADIA INLET CORR 
EFF ■ RPM 

0.856 5378,5 



BLADE ROW PRIfiTOUT 


(ENGLISH) 


S2 


NACA 65 FOIL 


PCT 

RADIUS 

MERID 

ANGLE 

IMM 

IN 

OUT 

IN 

OUT 

0. 

32.388 32.249 

-1.9 

-3.1 

5.0 

31 .989 31.879 

-0.7 

-3.5 

9.3 

31 .600 

31 .513 

0.2 

-3.8 

19,4 

30,836 

30. 788 

1,9 

-4.1 

20.9 

30 .082 

30.068 

3.6 

-4.3 

34.1 

29.667 

29.673 

4.5 

-4,4 

34.1 

29.667 

29. 673 

4,5 

- 4.4 

38.4 

29.326 

29.349 

5.2 

-4.4 

48.1 

28.556 

28.625 

7.5 

-4.5 

57.8 

27.771 

27.892 

9.1 

-4.4 

67.3 

26.966 

27.146 

11.2 

-4.2 

S3. 4 

25.698 

25.997 

14.7 

-3.5 

94.3 

24.796 

25.206 

17.5 

-2.4 

100.0 

24.319 

24.802 

18.6 

-1.7 

PCT 

ABS 

VEL 

8EL VEL 

IMM 

IN 

OUT 

IN 

OUT 

0. 

625.2 

578,9 



5.0 

821.4 

581. 1 



9.3 

818.5 

5S5.6 



19.4 

815.5 

594.3 



28.9 

817. 6 

«)4.1 



34.1 

821 .5 

609.8 



34.1 

821 .5 

609.8 



38.4 

826.3 

614,7 



48. 1 

839.0 

625.4 



57.8 

854.2 

635.2 



67.8 

873.3 

645.5 



83.4 

907.8 

663.7 



94.3 

936.4 

678.7 



100.0 

951 .5 

688.5 



PCT 

ABS MACH No 

REL MACH NO 

IHN 

IN 

our 

IK 

OUT 

0. 

0.618 

0.426 



5.0 

0.621 

0.431 



9.8 

0,623 

0.438 



19.4 

0.628 

0.450 



28,9 

0.634 

0.461 



34.1 

0.639 

0,466 



34. 1 

0.639 

0.466 



38,4 

0.644 

0.470 



48.1 

0.653 

0.479 



S7.8 

0,667 

0.487 



67.8 

0.662 

0.494 



83,4 

0.70B 

0.506 



94.3 

0.730 

D.5I6 



ICO.O 

0.741 

0.523 




STREAM 

FUKCT 

ABS , 

ANGLE 

IN 

OUT 

IN 

OUT 

0. 

0. 

46.5 

0. 

O.Q50 

0.050 

44*7 

0. 

0.100 

0.100 

43,5 

0. 

0.200 

0.200 

41.6 

0. 

0.300 

0.300 

40.6 

0. 

0.355 

0.355 

40.4 

0. 

0.355 

0.355 

40.4 

0. 

0,400 

0.400 

40.5 

0, 

0.500 

0.500 

40,7 

0. 

0.600 

0.600 

40.6 

0. 

0.700 

0.7Q0 

41.3 

0. 

0.850 

0.850 

43,1 

0. 

0.950 

0,950 

45.2 

0. 

1 .000 

1.000 

46.8 

0. 

HERID 

VEL 

TANG VEL 

IN 

OUT 

IN 

OUT 

568.6 

578.9 

598.1 

0. 

583.4 

551.1 

578.3 

0. 

593.8 

585,6 

563.4 

0. 

609.7 

594.3 

541 .6 

0. 

620,9 

604.1 

531.9 

0. 

626.0 

609.8 

532,0 

0. 

626.0 

609.8 

532.0 

0. 

629,7 

614.7 

535.0 

0. 

637.8- 

625.4 

545,0 

0. 

651,8 

635.2 

552.0 

0. 

661.8 

643.5 

569.9 

0. 

672.9 

663.7 

609.3 

0. 

675.4 

678.7 

648.6 

0. 

669.4 

688.5 

676.2 

0. 

AXIAL 

CH' 

ACC PT 

ACC TT 

VEL R 


RATIO 

RATIO 

I.0I7 

0.433 

3.2297 

I .5424 

0.994 

0.431 

3.2125 

1.5150 

Q.984 

0.426 

3.2004 

1 ,4942 

0.973 

. 0.417 

3.1823 

1,4628 

0.972 

D.4I 1 

3. 1 696 

1 .4425 

0.974 

0.410 

3.1651 

1.4366 

0.974 

0.410 

3.1651 

1.4366 

0,9-77 

0.4! 1 

3.1635 

J .4342 

0.985 

0.413 

3. 1 650 

1.4323 

0.984 

0.416 

3.1644 

1.4342 

0.992 

0.420 

3, 1 609 

1 .4398 

1.018 

0.420 

3.1456 

i .4526 

1.053 

0.408 

3. 119! 

1.4641 

1.085 

0.392 

3,0973 

1.4713 


REL ANGLE 

tN oirr 


SLADE SPEED 

IN our 


EFFICIENCY 


AOIA 

POLY 

0.731 

0.771 

0.766 

0.800 

0-795 

0.826 

0.845 

0.863 

o.eso 

0.893 

0.89! 

0.907 

0,891 

0,907 

0.89S 

0.91! 

0.900 

0.915 

0.896 

0.911 

0,883 

0.900 

0.354 

0.875 

0.825 

0.851 

0,807 

0.835 


REAR 

32.318 

3W934 

31.556 

30.812 

30.075 

29.670 

29.670 

29.337 

28.590 

27.831 

27.056 

25.84(5 

25.001 

24.560 


IMC 

DEV 

x-FAcr 

TMC 

CAW 

STGR 

TURN 

D-FACT 

SOL 

LOSS 

(INPUT 

<C-H) 








COEFF 

-O.dO 

9.96 

0. 

0.0800 

57'. 02 

18.55 

46.46 

0.489 

1.909 

0.084 

HD*45 

9.47 

0. 

0,0785 

54.67 

17.86 

44.75 

0.476 

1 .919 

0.070 

-0*30 

9. 10 

0. 

0.0771 

52.90 

17.35 

43,50 

0.463 

1,930 0.0/0 

0* 

8,54 

0. 

0,0744 

50.18 

16.55 41.64 

0.442 

1 .950 


0.30 

8. 19 

0. 

0.0717 

43.53 

16,08 

40.64 

0.426 

1.970 0.049 

0*40 

8.10 

0, 

0.0704 

48,14 

15,98 

40.45 

0.421 

I,9S1 

0.044 

0.40 

8.10 

o. 

0 .0704 

48.14 

15.98 

40.45 

0.421 

1.98! 

0.044 

0*50 

8.06 

0. 

0.0694 

48.03 

15.96 

40.47 

0.419 

1.990 

0.04 I 

0*60 

5,05 

o. 

0.0673 

48.18 

16.04 

40.74 

0,416 

2.010 

0.036 

0*70 

7.95 

0. 

0,0654 

47.37 

15.98 

40.62 

0.415 

2.030 0*030 

0.78 

8.04 

0. 

0,0634 

48.54 

16.23 

41.28 

0.419 

2.050 

0.039 

Q.S6 

8.36 

0, 

0.0600 

50.59 

16.94 

43.12 

0.429 

2.081 

0.054 

0.96 

8,76 

0. 

0.0569 

53.00 

17.74 

45,20 

0.439 

2.103 

0.079 

uoc 

9. n 

0. 

0.0553 

54,93 

16.36 

46.83 

0,443 

2.112 

0.099 

tNLin: 

CURR 

PRESS 

TEMP 


ADIA 

inlet CORR 



WTFLOH 

RATH) 

RATIO 

EFF 

RPM 






3.1674 

1 . 4546 [ 

).S56 

5378 

.8 






APPENDIX B 2 


CIRCUMFERENTIAL - AVERAGE FLOW SOLUTION 
FOR REAR BLOCK FAN DESIGN POINT 



PCT 

IHM 

0 . 

6. 7 

1 5. 2 
20 . 1 
20.1 

2 8.4 

42.4 
62.8' 
80.0 
92.9 

100.0 

PCT 

IHM 

0 . 

6. 7 
15.2 
20 . 1 
20 . 1 
2 8.4 
42. 4 
62. 8 
80.0- 
92. 9 
100.0 

PCT 

IHM 

0 . 

6.7 

15.2 

20.1 

20.1 

28.4 

42.4 
62.8 
80.0 
92.9 

100.0 

RBAR 

66.451 
64. 995 
6 5. 1 39 
62.060 
62.06C 
60.25 5 
57.20 2 
52. 756 
4 9. 0 1 1 
46. 202 
44.656 


BLADE ROW PRINTOUT 


CHETRICD 


IGV2 


RADIUS 


IN 

OUT 

68.582 

64.320 

67. 121 

62.868 

65. 256 

61.022 

64. 171 

59.949 

64 . 1 71 

59.949 

62,359 

58,1 52 

59.304 

55.099 

54. 915 

50. 599 

51. 311 

46.712 

48. 710 

43.694 

47.334 

41.977 

ABS 

VEL 

IN 

OUT 

258,3 

273,2 

2 5 2.9 

269,2 

247.0 

263.2 

24 4,6 

259.8 

24 4,6 

259,8 

241.2 

254,1 

237.1 

243.6 

232.5 

223.9 

23G.5 

202,5 

231.2 

182,6 

232.4 

170.0 

ABS HACH NO 

I N 

OUT 

0, 665 

0.707 

0.656 

0.702 

0.645 

■ 0.691 

0. 640 

0.684 

0,640 

0.684 

0, 632 

0.669 

0.620 

0.639 

0.606 

0.582 

0.598 

0.521 

0. 595 

0.464 

0.596 

0.4 2-9 

INC 

DEV 

(INPUT (C-R) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

0, 

0. 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


INLET CORR 
WTFLOW 
139.72 


HERID 

ANGLE 

STREAM 

FUNCT 

IN 

OUT 

I N 

OUT 

■20.3 

-1 2.4 

0. 

0. 

-20.8 

-12.1 

0,082 

0.082 

-21.0 

-11.8 

0.184 

0.1 84 

■21.2 

-11.6 

0.242 

0,242 

•21,2 

-11.6 

0,242 

0,242 

21.4 

-11.3 

0.337 

0.337 

21.9 

-1 0.8 

0. 490 

0.4 90 

23, 1 

-10.1 

0, 694 

0.694 

•24. 7 

-9.8 

0. 84 7 

0.847 

•2 6.4 

-9.9 

0.94 9 

0.949 

27. 6 

-1 0.6 

1,000 

1.000 


ABS 

ANGLE 

R-EL 

ANGLE 

IN 

OUT 

IN 

OUT 

0, 

0. 



0, 

0. 



0, 

0, 



0. 

0, 



0. 

0, 



0, 

0. 



0, 

0. 



0. 

0. 



0, 

0, 



0. 

0. 



0. 

'0. 




REL VEL 
IN OUT 


HERID VEL’ 
IN OUT 

25 8.3 27,3 .2 

252.9 269.2 

247.0 263,2 

244.6 259.8 

244.6 259.8 

241.2 254.1 

237.1 243.6 

232.5 223,9 

230.5 202,5 

231.2 182,6 

232.4 170,0 


TANG VEL 
IN OUT 

0 . 0 . 

0 . 0 . 

0 . 0 . 

0 . 0 . 

0 , 0 . 

0 . . 0 . 

0 . 0 . 

0 . 0 . 

0 . 0 . 

0 . 0 . 

0 . 0 . 


BLADE SPEED 
IN OUT 


REL MACH NO 
IN OUT 


AXIAL CH* 
VEL R 

1.102 -0.167 
1.113 -0.183 
1.117 -0.1 86 
1.116 -0.1 81 
1.116 -0.181 
1.109 -0.163 
1. 088 -0,1 11 
1.031 0.013 

0.953 0.1 67 

0.869 0.314 

0.811 0.402 


ACC PT ACC TT 
RATIO RATIO 
0.9850 1 .0000 
0.9850 1.0000 
0.9850 1 ,0000 
0.<5850 1,0000 
0.9850 1 .0000 
0,9850 1.0000 
0.9850 1.0000 
0.9850 1,0000 
0,9850 1 .0000 
0.9850 1.0000 
0.9850 1 .0000 


efficiency 

ADIA POLY 


X-FACT 

TM C 

CAM' 

STGR 

0. 

0.0806 

0, 

0. 

0, 

0.0785 

0, 

0. 

0.’ 

0.0759 

0. 

0. 

0. 

0.0745 

0, 

0. 

0. 

0.0745 

0. 

0. 

0. 

0.0721 

0. 

0. 

0, 

0.0682 

0. 

0. 

0. 

0.0625 

0. 

0. 

0. 

0.0578 

0. 

0. 

0. 

0.0539 

0. 

0. 

0. 

0.0518 

0. 

0. 


TURN 

0-FACT 

SOL 

LOSS 

COEFF 

0, 

-0.058 

1.000 

0,059 

0. 

-0.064 

1.000 

0.060 

0. 

-0.065 

1 .000 

0,061 

0, 

-0.062 

1,000 

0.062 

0. 

-0.062 

1.000 

0.062 

0. 

-0.053 

1.000 

0.064 

0. 

-0.027 

1.000 

0.066 

0. 

0.037 

1.000 

0.068 

0. 

0.1 22 

1.000 

0.070 

0, 

0.21G 

1.000 

0.071 

0. 

0.269 

1 .000 

0,070 


PRESS TEMP 

RATIO RATIO 

0.9854 


AD lA 
EFF 


INLET CORR 
RPM 

6161 .5 


; 't--' 






63 



BLADE ROW PRINTOUT 


(ENGLISH) 


IGV2 


PCT 

RADIUS 

MER ID 

ANGLE 

STREAM 

FUNCT 

ABS 

ANGLE 

REL 

ANGLE 

IHM 

IN 

OUT 

IN 

OUT 

IN 

OUJ 

IN 

OUT 

IN 

OUT 

0. 

27.001 

25,323 

-20.3 

-12.4 

0. 

0- 

' 0. 

0. 



6. 7 

26-426 

24.751 

-20. '8 

-12.1 

0. 082 

0.0 82 

0. 

0. 



1 5. 2 

25.691 

24.024 

-21.0 

-11.8 

0.184 

0.1 84 

0. 

•0. 



20. 1 

25. 264 

23.602 

-21.2 

-11.6 

0.242 

0.242 

0. 

0. 



20,1 

25.264 

23.602 

-21.2 

-11.6 

0.242 

0.242 

0. 

0. 



28. 4 

24, 551 

22.894 

-21.4 

-11.3 

0.337 

0.337 

0. 

0. 



42, 4 

23. 348 

21.693- 

-21.9 

-10.8 

0. 490 

0.4 90 

0. 

0. 



62.8 

21 .619 

19.921 

-23. 1 

-1 0.1 

0. 694 

0.694 

0. 

0. 



80.0 

20.201 

1 8.391 

-24.7 

-9.8 

0. 847 

0.847 

0. 

0. 



92.9 

19.177 

1 7.202 

-26.4 

-9,9 

0. 949 

0-949 

0. 

0. 



100. 0 

1 8. 636 

1 6.526 

-27. 6 

-1 0.6 

1.000 

1.000 

0. 

0. 



PCT 

ABS 

VEL 

REL 

VEL 

HERID 

VEL 

TANG 

VEL 

BLADE 

SPEED 

IMM 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

0. 

847.5 

896.3 



84 7.5 

896.3 

0. 

0. 



6.7 

829.7 

883.1 



82 9.7 

883.1 

0. 

0, 



1 5.2 

810.4 

863.4 



810.4 

863.4 

0. 

0. 



20-1 

802.4 

852.4 



802.4 

852.4 

0. 

0. 



20.1 

80 2.4 

852.4 



802.4 

852.4 

0. 

0. 



28.4 

791.5 

833 .8 



791.5 

833,8 

0, 

0. 



42.4 

777.9 

799.2 



777.9 

799.2 

0, 

0. 



62, 8 

762.7 

734.6 



762.7 

734.6 

0. 

0. 



80.0 

756.3 

664.2 



756.3 

664,2 

0. 

0. 



92.9 

758,6 

599.0 



758.6 

599.0 

0. 

0, 



100. 0 

762.6 

557.8 



762,6 

557.8 

0. 

■ 0. 



PCT 

ABS 1 

MACK NO 

REL MACH NO 

AXIAL 

CH • 

ACC PT 

ACC TT 

EFFICIENCY 

IMM 

IN 

OUT 

IN 

OUT 

VEL R 


RATIO 

RATIO 

AOIA 

POLY 

0. 

0. 665 

0.707 



1.102 

-0.1 67 

0.9850 

1.0000 



6. 7 

0.656 

0,702 



1.113 

-0.1 83 

0.9850- 

1 .0000 



1 5. 2 

0. 645 

0,691 



1.117 

-0.1 86 

0.9850 

1.0000 



20, 1 

• 0.640 

-0r684 



1.116 

-0.1 81 

0. 9850 

1 .0000- 



20.1 

0.640 

0,684 



1.116 

-0.1 81 

0.9850 

1.0000 



28.4 

0,632 

0.669 



1.109 

-0.1 63 

0.9850 

1 .0000 



42.4 

0.620 

0.639 



1.088 

-0.1 11 

0.9850 

1.0000 



62.8 

0.-606 

0.582 



1.031 

0.013 

0.9850 

1 .0000 



80.0 

0.598 

0.521 



0.953 

0.1 67 

0.9850 

1.0000 



92. 9 

0.595 

0.464 



0.869 

0.314 

0.9850 

1.0000 



100.0 

0, 596 

0.429 



0. 811 

0.402 

0.9850 

1 .0000 




RBAR 

INC 

DEV 

X-FACT 

TMC 

CAM 

STGR 

TURN 

D-F ACT 

SOL 

LOSS 


(INPUT 

( C-R) 








COEFF 

26.1 62 

0, 

0. 

0. 

0.0806 

0. 

0- 

0. 

-0.058" 

1.000 

0.059 

25. 588 

0. 

0. 

0. 

0-0785 

0. 

0. 

0. 

-0.064 

1.000 

0.060 

24.858 

0. 

0. 

0.. 

0.07 59. 

.0. 

0. 

0. 

-0.065 

1.000 

0.061 

24.433 

0. 

0. 

0. 

0.0745 

0. 

6 . 

0. 

-0.062 

1 .000 

0.062 

24.4 33 

0. 

0. 

0. 

0.0745 

0. 

0. 

0. 

-0.062 • 

1.000 

0.062 

23.723 

0. 

0. 

0. 

0.0721 

0. 

0. 

0. 

-0,053 

1 .000 

0.064 

22. 52 C 

0. 

0. 

0. 

0.0682 

0. 

0. 

0. 

-0.027 

1.000 

0.066 

20. 770 

0. 

0. ■ 

0, 

0.0625 

0. 

0. 

0. 

0.037 

1 .000 

0.068 

19. 296 

0. 

0, 

0. 

0.0578 

0. 

0. 

0. 

0,1 22 

1.000 

0.070 

18. 1.90 

- 0,- , 

0. 

0. 

0.0539 

0. 

0. 

0. 

0.210 

1.000 

0.071 

1 7. 5 81 

• 0. 

0, 

0. 

0.0518 

0. 

0. 

0. 

0.269 

1.000 

0.070 


INLET 

CORR 

PRESS 

TEMP 


AD lA 

INLET 

CORR 




WTFLOW 

RAT I'O 

R ATtIO; 


EF F 

RPM 





3 08, 

03 

0.9854 




6161 

.5 





BLADE RO.W PRINTOUT (METRIC) 

C DFS 


PCT 

RADIUS 

MER ID 

ANGLE 

STREAM 

FUNCT 

ABS 

ANGLE 

REL 

ANGLE 

IMM 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

0. 

63.601 

62.676 

-10.4 

-2,8 

0. 

0. 

‘ 0, 

31.9 

- 59.4 

59.5 

7.0 

62.171 

61.238 

-9.8 

-5.4 

0.082 

0,.082 

.0. ■ 

31.1 

59.3 

58,0 

1 5.7 

60. 352 

59.477 

-8.9 • 

-3.6 

0,184 

0.1 84 

0. 

30.7 

59.1 

57.1 

20, 7 

59.294 

58.471 

-8.4 

-3.3 

0.242 

0.242 

0. 

30.6 

59.0 

56.6 

20, 7 

59. 294 

58.471 

-8.4 

-3.3 

0.242 

0.242 

0. 

30.6 

59.0 

56,6 

29.0 

57.525 

56,807 

-7. 6 

-2,8 

0.337 

0,337 

0. 

30. 9 

58.8 

55.9 

43.1 

54. 520 

54.015 

-6.0 

-2.0 

0..490 

0.490 

0. 

32,2 

■ 58.4 

54.0 

63. 4 

50.108 

50,047 

-3. 5 

0.1 

0.694 

0.694 

0. 

34.1 

58. 3 

4 9.6 

80.3 

46. 314 

46.865 

-0, 8 

2.8 

0.847 

0.847 

0. 

35. 5 

58,9 

44.’7 

93.0 

43.367 

44.592 

1.7 

5.4 

0,949 

0.949 

0. 

37.6 

60.0 

39.8 

100.0 

41 . 688 

43.384 

3. 5 

7.2 

1.000 

1.000 

0. 

39. 2 

60.9 

36.3 

PCT 

ABS 

VEL 

REL 

VEL 

MERIO 

VEL 

TANG 

VEL 

BLADE 

SP^EO 

IMM 

I.N 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

0. • 

288.9 

241 .3 

561. 3 

402.9 

288.9 

204.9 

0. 

127,4 

481.2 

474.2 

7.0 

283.7 

246,2 

549.3 

397.1 

283.7 

211 . o’ 

0. 

126.9 

470.4 

463.3 

1 5,7 

276.9 

244.9 

534.0 

387.3 

276.9 

210,6 

0. 

12 5..0 

456.6 

450.0 

20. 7 

272.9 

243,9 

52 5.1 

381.4 

272.9 

210.1 

0, 

124.0 

448.6 

442.4 

20. 7 

272.9 

243,9 

5,2 5 . 1 

381.4 

272.9 

210.1 

0. 

1 24.0 

4 4 8.6. 

442.4 

2 9,0 

266.4 

241-.8 

510.3 

36 9.7 

266.4 

207.6 

0,. 

123.9 

435.2 

42.9,8 

4 3, 1 

254.9 

241 .1. 

484.9 

34 6.5 

254.9 

203,9 

0. 

128.6 

41 2, 5 

408.7 

6 3.4 

234,5 

247.0 

445. 8 

31 5. 5 

234.5 

204.6 

0. 

138.4 

379.1 

378. 7 

80.3 

211.8 

256.0 

409.4 

293.1 

211.8 

208.5 

0. 

148.6 

-350.4 

354.6 

93.0 

1 89.8 

26 6.2 

379,0 

274.6 

189.8 

211 .3 

0, 

162.0 

328.1 

337,4 

100.0 

175.8 

274.6 

361. 1 

264.0 

175.8 

213,4 

0, 

172. 9 

31 5.4 

328. 2 

PCT 

ABS 

MACH NO 

REL MACH NO 

AX lAL 

CH^ 

ACC PT 

ACC TT 

EFFICIENCY 

IMM 

IN 

OUT 

IN 

OUT 

VEL R 


RATIO 

RATIO 

ADIA 

POLY 

0. 

0. 752 

0.575 

1.460 

0.960 

0. 720 

0.393 

1 .41 67 

1 .144 9 

0.71 2 

0,726 

7.0 

0. 744 

0.593 

1,440 

0.957 

0. 753- 

0,404 

1.4465 

1 ,1436 

0,765 

0]i77.7 

1 5.7 

0. 731 

0, 597 

1.410 

0.943 

0. 769 

0.4 16 

1.4612 

1 . 1 40 1 

0.808 

0, 818 

20.7 

0.721 

0.596 

1,388 

0.932 

0.777 

0.422 

1 .4651 

1.1374 

0,830 

0.839 

20.7 

0. 721 

0.596 

1.388 

0.932 

0.777 

0.422 

1.4651 

1.1 374 

0,830 

0.839 

29.0 

0.704 

0.593 

1,349 

0.907 

0. 785 

0.435 

1.4695 

1 .134 0 

0.858 

0.866 

4 3.1 

0.671 

0.592 

1.276 

0.850 

0.804 

0.452 

1.4725 

1.1322 

0,875 

0,882 

6 3.4 

0. 612 

0.606 

1,163 

0.77A 

0. 874 

0.459 

1.4732 

1.131 2 

0.882 

0.889 

80.3 

0.546 

0.627 

1,056 

0. 718 

0,983 

0.433 

1.4634 

1.1306 

0, 370 

0.877 

9 3.0 

0. 483 

0.648 

0,965 

0.668 

1.109 

0.375 

1.4457 

1.1334 

0-822 

0.831 

100.0 

0.444 

0.667 

0. 91 3 

0.641 

1 . 206 

0.321 

1.4379 

1.1375 

0.785 

0.795 


RBAR 

INC 

DEV 

X-FACT 

THC 

CAM 

■ STGR 

TURN 

0-FACT 

SOL 

LOSS 


(INPUT 

(C-.R) 








COEFF 

63,1 39 

2.00 

2.55 

0. 

0.0300 

0.53 

57.17 

-0.02 

0.369 

1.294 

0.151 

61 .704 

2.25 

2.44 

0, 

0.0317 

1.51 

56.27 

1 .32 

0.362 

1.34 8 

0.121 

59. 91 4 

2, 5 5 

2.28 

0. 

0.0351 

1 . 70 

55.67 

1.98 

0.356 

1,435 

0.095 

58.883 

2.72 

2.20 

0. 

0.03 72 

■1.81 

55.34 

2.33 

0.352 

1.487 

0,081 

58.883 

2.72 

2-20 

0. 

0.0372 

1 . 81 

55.34 

2.33 

0.352 

1 .487 

0.081 

57.1 66 

3.01 

2.12 

0. 

0.04 06 

1.9 9 

54:?4 

2.88 

0.352 

1.574 

0,065 

54. 268 

3.47 

2.69 

0.35 

0.0462 

3.68 

53,11 

4,46 

0.364 

1.680 

0.057 

50.078 

4.09 

4.17 

1 .15 

0.0544 

8,81 

49.81 

8.73 

0,380 

1.756 

0,058 

4 6. 5 9 0 

4. 54 

5.26 

1 .50 

0.0612 

14.83 

46.88 

14.16 

0,385 

1.815 

0.076 

43.980 

4.85 

6.47 

1 .72 

0.0664 

21 .76 

44.23 

20,14 

0.391 

1.873 

0.132 

42.536 

5.00 

7,68 

2,00 

0.0700 

27.32 

42.25 

24.64 

0.398 

1.900 

O.H 87 


INLET 

CORR 

PRESS 

TEMP 


AO lA- 

INLET 

CORR 




WTFLOW 

RATIO 

RATIO 


EF'F, 

RPM 





139. 

72 1 

. 4635 

1.1340 

• 0 

.8‘4a 

6161 

.5 




PA<^£'JSp 
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BLADE ROW PRINTOUT 


(ENGLISH) 


CDFS 


PCT 

RADIUS 

MERID ANGLE 

STREAM FUNCT 

ABS ANGLE 

REL ; 

4NGLE 

IHH 

IN 

OUT 

IN - 

OUT 

IN 

OUT 


OUT 

IN 

OUT 

0. 

25.040 

24.676 

-10.4 

-2.8 

0, 

0. 

• 0, 

31.9 

59.4 

59.5 

7.0 

24.477 

24.1 09 

-9.8 

-3.4 

0.082 

0.082 

0, 

31.1 

59,3 

58,0 

15.7 

23.761 

25.416 

-8.9 

-3.6 

0,184 

0.1 84 

0. 

30.7 

59.1 

57.1 

20. 7 

23,344 

23.020 

-8.4 

-3.3 

0, 242 

0,242 

0. 

30. 6 

59.0 

56.6 

20,7 

23, 344 

23.020 

-8.4 

-3.3 

0,242 

0,242 

0, 

30, 6 

59.0 

56.6 

29.0 

22. 648 

22,365 

-7,6 

-2.8 

0.337 

0.337 

0. 

30. 9 

58.8 

55.9 

43.1 

21 .465 

21.266 

-6.0 

-2.0 

0.490 

0.4 50 

0. 

32. 2 

58.4 

54,0 

63.4 

19..728 

19.704 

-3.5 

0.1 

0.694 

0.654 

0. 

34.1 

58.3 

49.6 

80. 3 

18. 234 

18.451 

-0.8 

2.8 

0. 847 

0.847 

0. 

35.5 

58,9 

44.7 

93.0 

17.074 

1 7.556 

1.7 

5.4 

0. 94 9 

0.949 

0. 

37.6 

60.0 

39.8 

100.0 

16,412 

17.080 

3,5 

7.2 

1.000 

1.000 

0. 

39. 2 

60.9 

36.3 

RCT 

ABS 

VEL 

REL 

VEL 

MERID VEL 

TANG 

VEL ' • 

BLADE 

SPEED 

IMM 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

0. 

■ 948.0 

791 .6 

1841.5 

1 321.7 

94 8.0 

672.4 

0. 

417.9 1 578.7 

1555.8 

7.0 

,930.9 

807.7 

1 802. 2 

1 302.9 

930.9 

692.2 

0, 

416. 2 1543.2 

1520.1 

15.7 

908.4 

803.6 

1 751,9 

1 270.6 

908.4 

691 .1 

0. 

410.2 1498.1 

1476.3 

20.7 

895.3 

800,3 

1722, 7 

1251,4 

895.3 

689.2 

0. 

406.8 14-71,8 

1451.4 

20.7 

895.3 

800.3 

1 722. 7 

1 251.4 

895,3 

689,2 

0, 

406.8 1471.8 

1451.4 

29.0 

874.0 

793.2 

1 674.1 

1 21 2.9 

874.0 

681 ;i 

0. 

406.5 1427.9 

1410.1 

43.1 

836.4 

790.9 

1 590. 9 

1 136.7 

836.4 

669.0 

0. 

421.8 1 355,3 

1340.8 

63.4 

769.3 

810.5 

1462. 5 

1 03 5.2 

769.3 

671 .2 

0. 

454.2 1243.8 

1242.3 

80.3 

694.8 

339.9 

1343.3 

961.6 

694.8 

684.1 

0. 

487.4 1149.6 

1163.3 

93.0 

622-7 

873.4 

1243,6 

900.9 

622.7 

693.2 

0. 

531.4 1076.5 

1106,9 

100.0 

576.7 

901,1 

1184.6 

866.0 

576.7 

700.1 

0. 

567.2 1 034.8 

1076.9 

PCT 

ABS 

MACH NO 

REL 1 

MACH NO 

AXIAL 

CH* 

ACC PT ACC TT 

EFFICIENCY 

IHH 

IN 

OUT 

IN 

OUT 

VEL R 


RATIO RATIO 

ADIA 

POLY 

0. 

0. 752 

0.575 

1,460 

0.960 

0. 720 

0,393 

1.4167 1 

,1449 

0.712 

0.726 

7. 0 

0.744 

0.5 93 

1.440 

0,957 

0, 753 

0.404 

1.4465 1 

.1436 

0.765 

0.777 

1 5.7 

0. 731 

0.597 

1.410 

0.943 

0.769 

0.416 

1.4612 1 

.1401 

0.808 

0.818 

20.7 

0. 721 

0.596 

1.388 

0.932 

0. 777 

0.422 

1.4651 1 

.1374 

0.830 

0.839 

20,7 

0.721 

0. 596 

1 . 388 

0.932 

0.777 

0.422 

1.4651 1 

.1374 

0,830 

0.839 

29.0 

0.704 

0.593 

1.34 9 

0.907 

0.785 

0.435 

1.4695 1 

.1340 

0. 85 8 

0.866 

43.1 

0.671 

0.592 

1.276 

0.850 

0. 804 

0.452 

1.4725 1 

.1322 

0.875 

0.882 

63.4 

0.612 

0,606 

1.163 

0,774 

0. 874 

0.459 

1.4732 1 

.1312 

0.882 

0.889 

80.3 

0.'546 

• 0.627 

1.056 

0. 718 

0, 983 

0.433 

1.4634 1 

,1306 

0.870 

0,877 

■ 93.0 

0. 483 

0.648 

0,96 5 

0.668 

1,109 

0.575 

1.4457 1 

.1334 

0.822 

0.831 

100.0 

0. 444 

0,667 

0,91 3 

0.641 

1 . 206 

0.321 

1.4379 1 

.1375 

0,785 

0.795 

RBAR 

INC DEV X-FACT THC 

CAM SfGR TURN 

0-FACT 

SOL 

LOSS 


(INPUT CC- 

R) 







C OEF F 

24.858 2. 

00 2. 

55 0. 

0.0300 0. 

53 57. 

17 -0,02 

0.369 

1.294 

0.151 

24.293 2. 

25 2. 

44 0, 

0.03-17 1. 

51 5 6, 

27 1.32 

0.362 

1.348 

0.121 

23. 588 2. 

55 2. 

28 0. 

0.03 51 1. 

70 5 5. 

67 1.98 

0.356 

1,435 

0.095 

2 3.1 82 2. 

72 2. 

20 0. 

0.0372 1. 

81 5 5. 

34 2.33 

0,352 

1 .487 

0.081 

23. 1 82 2. 

72 2. 

20 0. 

0.0372 1. 

81 5 5, 

34 2.33 

0.352 

1,487 

0.081 

22. 506 3. 

01 2. 

12 . 0. 

0.0406 1. 

99 54. 

74 2.88 

0.352 

1 .574 

0.065 

21.365 3, 

47 2. 

69 0. 

35 0.0462’ 3. 

6'8 S3. 

11 4,46 

0.364 

1 .680 

0.057 

19.716 4. 

09 4. 

17 1. 

15 0.0544 8. 

81 49. 

81 8.73 

0.380 

1.756 

0.058 

18.342 , 4. 

54 5. 

26- 1 , 

50 0.0612 14. 

88 46. 

88 14.16 

0.385 

1.81 5 

0.076 

17.315 4. 

85 6. 

47 1 . 

72 0,0664 21. 

76 44. 

23 20.14 

0.391 

1.873 

0.132 

16.746 5. 

00 7. 

63 2. 

00 0.0700. 27. 

3 2 42, 

25 24.64. 

0.398 

1.900 

1 0.187 


INLET CO.RR PRESS TEMP - ADIA INLET CORR 

WTFLOW RATIO RATIO EF F RPH 

308.03 1'.4635 1. 1340 0.84,8 61 61,5- 
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APPENDIX C 


BLADE AND VANE AIRFOIL 
MNUFACTURING SECTION 
COORDINATES 


1, Front Block Fan Rotor 1 



Direction 



(100?» Bl. Ht.) 

Coordinate Plane Sections 
Constant p 


- (0% Bl. Ht.) 


0 on engine centerline 




AST FRO!^., BLOCK FAN 
ROTOR 1 






AST THn-JT M' nriv ra. in (bfAri-Fii .’:j /iT4i>l. r. 

ST API I, U.lTr*< N'T ?B • 


cncTC sysTi,'- z t o. <*• 



StCtIUN NO ’ l 

Sf.rTlL',\ 

AA 

OKI 82 

.0056 




I'EAMILE 

INPUT DATA 




PT 

ALPHA 

ZtTA* 


thickness 

IIPSlLCN 



1 

• 5.90>,P7 

60,981 


o'. 1 3918 

17.76131 



a 

.9.0729? 

60,731 


0.17607 

17.18553 



s 

•o.oaobs 

60.362 


. o’ 79005 

M, 0 5769 



9 

-').ih??5 

60,? 10 


0. 37i!O0 

O.PBO'il 



s 

-t. 09777 

6i>.5?0 


(l'.38778 

8.7191-1 



6 

-3.96139 

ec. 999 


0.95715 

7.97911 



7 

-3.1S183 

60.617 


0.52516 

5.991US 



8 

-a.317?(> 

61 .r )?0 


o' 58368 

9.53933 



9 

- 1 .5l9?o 

61,835 


0l63l22 

5,03965 



to 

-9.99859 

62.922 


0 .66663 

1 .96599 



11 

0,12298 

63,969 


0^68019 

•0.16580 



12 

0.99329 

63.290 


0.6«818 

-1.80550 



IS 

1 .79110 

62.669 


0,68851 

-3.91005 



19 

2.57995 

61.602 


o' 69015 

-9.95801 



IS 

3.3«265 

60,933 


0.58180 

-6.95609 



16 

0.1*928 

60,970 


0,98961 

-7,86272 



17 

9.97769 

60,920 


0,37775 

•0.25900 



16 

5,76212 

60,715 


0.25035 

•10.60912 



19 

6.9079? 

61,080 


o'. 13823 

•11.61010 




surface 

CpCP[‘I^ATES 1 

aIth 

OOlCiN AI 

sfctipn axis 





UPPFR 


LOftFR 


PT 


■ VC 

alpha 

UP SI LON 

ALPHA 

1JP9UDH 

1 


0.00997 

-6.99597 

12 . 

76131 

-6.99897 

17.76131 

■ 2 


ft,o’o“97 

-7.00822 

V. 

79391 

-6. 97939 

17.76728 

3 


0.00997 

-7.CI098 

12 . 

70*99 

- 6.99305 

12.79606 

4 


0.00997 

-7.90199 

1 ?. 

65862 

-6.90592 

17,71199 

■ 5 


0.00997 

-6.97969 

12 . 

59330 

-6,861*3 

17.65906 

6 


0.00997 

-6,99915 

12 . 

51352 

•6,81256 

12.58693 

7 


0,00997 

-6.69579 

1 ?. 

91*78 

-6.75775 

12.99605 

• B 


0.00639 

-6.73*29 

17. 

11*65 

-6.5*353 

17.20556 

9 


0,00769 

-6.91939 

11 . 

51577 

-6.23721 

11.62200 

to 


0, 00902 

-6.10039 

10 . 

91769 

-5,88110 

11 .0926'' 

' n 


0 , 01 rj 2 

-5.78102 

1 ". 

32169 

-5. 53 029 

10. 96909- 

la 


0,01 159 

-5.96139 

9. 

72699 

-5,17075 

o,*88i9 

13 


0,0l?o3 

-5.1-127 

9. 

13312 

•9.82066 

9,31199 

la 


0,01 90? 

•9, 87081 

8, 

53872 

•9 .97005 

8,73320 

IS 


0,01517 

-9 .99786 

7. 

9«2h5 

-9.13073 

8,15253 

i<> 


0,01699 

•9. 1 1392 

7. 

22S91 

•3.71296 

. 7.95293 

17 


0,01-773 

-3,77707 

6 , 

S065S 

-3.20511 

6.75056 

18 


0 . 01*88 

-3.339P9 

5. 

76076 

-2,67868 

6,09989 

19 


0.01995 

•?. 99061 

5. 

06223 

•2,96316 

5.33960 

ao 


0,02"9j 

-2,56105 

9. 

333B5 

-2,09852 

9.61750 

21 


0.02181 

•2.17062 

3, 

59707 

-1.63979 

3.89029 

aa 


0, 02259 

-I.7791U ■ 

7, 

PS071 

•1.221*3 - 

3.19*79 

aj 


0.02326 

-1 .3*693 

7. 

68*25 

-O.SIoOJ . 

7,38081 

aa 


0,0?3*2 

-0.90310 

I. 

30091 

•0,30956 

1 .6129! 

as 


0,029?7 

-0.50775 

0 . 

51971 

0,00010 

0,81980 

a* 


O,0?96l 

-0.20032 

-0 , 

28091 

0,91507 • 

0,0178! 

27 


o,n?i.8u 

0.10805 

"I • 

00679 

0,8?0Ol 

-0.78585 

as 


0,02975 

0.60012 

-1 . 

00091 

1 .27399 

-1.58657 

29 


0.02990 

I .00399 

•7. 

.60662 

1 .67977 

-7,38065 

SO 


0,0?96U 

1.90771 

•3. 

98709 

2.07276 • 

-3,16595 

SI 


0.0291? 

1 ,81999 

-9, 

75010 

2.91773 

-3;o9072 

32 , 


0.0233? 

2.23263 

-5. 

01696 

2, 80579 

-9,70325 

-35 


0.O2?2T 

?,6J8»7 

-5, 

75699 

5.10671 

-5,95795 

SO 


0.02C79 

3.C6777 

-6, 

97506 

3.5*151 

-6,10003 

35 


0.0199* 

3,9*915 

-T. 

16573 

3.96953 

• 6.01857 

Sb 


0.01175 

3.91271 

"7. 

86676 

9,3-1906 

-7,69197 

37 


0.01582 

9,33691 

-8. 

58761 

9,77398 

-8.36397 

38 


0.01372 

9 ,76606 

-9. 

77615 

5, 10003 

-9.08659 

39 


0,01197 

5,19591 

-0 , 

06069 

5.U7!iOO 

. 0,81150 

90 


o.oo°09 

5.6?6?1 

-lo. 

6e690 

5.89029 

■ 10.59751 

41 


0,007o9 

5,0«6?7 

-1) . 

75359 

6. 15*90 

■11,15702 

92 


0,00999 

6,31099 

-11, 

78959 

6.93701 

>11.71960 

93 


0,06979 

6,3'y?0 

-11. 

816(iO 

6 , 99752 

■11.76979 

99 


0,00979 

6.90/92 

•11. 

,61610 

6 . "f'792 

■1' . 81010 

U 

ttiiO 

Cf 1 1 ? n 4 T At 

•6.98651 

UPS ! 1 C7, 

17.79936 

n 

f?*V 

C£>'!rfr AT AiPht 

6,37299 

1 UrsILCN • 

■1 1,79701 
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AST FHONT FUOCK M'. Ri tSTsr^Fn tiH 7TT4PL. C. 


staff 1, R[)1CH 


it' 


COORD SYSTEH 

ORIGIN 7 

13.71219 

fi 

0 . 

StCTlUM NO 2 

SEcncN 

RM 



PEA 6 LJNE 

INP 1 !T data' 

PT 

ALPHA 

ZFTA* 


thickness 

1 

• 8.09109 

SS.ijAQ 


o', 16 322 


- 7, 70465 

55.023 


0 , 20 u 49 

1 

• 6.92733 

54.201 


0,29282 

Q 

- 6, 14452 

53 . 779 - 


0,37713 


- 5,35670 

53.945 



6 

• 4.48489 

54,045 


o'. 54 124 

7 

- 5 . 5202 a 

56,055 


0.62142 

8 

- 2,56595 

56.129 


0,68972 

9 

• 1,59905 

55.515 


0.74249 

10 

- 0.62872 

■^ 4,146 


0,77840 

! 1 

0,34405 



0, 79624 

U 

1,31774 

51.955 


o'. 79359 

13 

2.29184 

51.344 



, 

3.26561 

51.029 


0.70875 

IS 

4.23821 

50.976 


0,62963 

18 

5.20916 

51,004 


0.53014 

17 

6.17709 

51.072 


0,41442 

18 

7.14115 

51 .202 


0 , 287*6 

|9 

7.94072 

51,594 


O.I 770 S 


0, . ETA 0, 

TJ.ftono 


UPS t LON 
1 I .iaiBB 

P.5t<(«R 

T . uJO'Jh 

b.asiBo 

<i.6«100 

OlS«<)<iO 

• o.rasos 

•I .B975<3 
•3.£I 776 
-a,s?767 
“ ? . fc 2 7 66 
-6.825A6 
• fl . 022 A 8 

•10.22285 


surface COITBCINATeS I^ITH ORIGIN AT SECTjON AXJ3 ' 


>T ■■ • T/C 


UPPER 

alpha upsiloa 


. LPkFR 

alpha upsilon 


t 

2 

3 

« 

5 - 

6 

7 

8 ■ 
9 

_ J ® 

■ "l 1 ■ 

12 

13 

19 

15 

16 

17 

18 

19 

20 
21 
22 
23 
29 

25 

26 
27 

■ -- 28 

29 

30 
' '31 

32 

33 

' ■ 30 

35 

36 

37 

38 

39 
AO 
Al 
A2 
A3 
AO 


0,00609 
0.00609 
0.00609 
0,00609 
0,00609 
0.00609 
0,00609 
0.00777 
0,00990 
0,01109 
0.01272 
0,011131 
0,01556 
0.01737 
0,0|P82 
0,02047 
0.02203 
0. 02346 
0.02477 
0,02594 
0,02697 
0,02755 
0.02757 
0.O2<M3 
0.02952 
0. 02974 
0,02978 
0.02959 
0.02015 
0.02*46 
0.02754 
0,02639 
0,02502 
0.02345 
0 . 02 Io 9 
0,01976 
0,01768 
0,01547 
0.01315 
0.01074 
0 ,00569 
0,0066! 
0.00661 
0,00661 


LE RAD 0.02314 
It RAD 0,09243 


- 8.09109 
- 8.10349 
- 8.10232 
-R, 0 Po 48 
- 8.05393 
- 8.00374 
- 7 . 93 o 8 « 
- 7,77548 
- 7,39242 
• 7,00907 
- 6.62546 
- 6,24168 
• 5.85773 
- 5. '4 7 36 3 
• 5. 18944 
- 4.62830 
- 4 , I *.625 
• 3,70274 
- 3.23713 
- 2,76898 
- 2,29933 
- 1.82512 
-t .34960 
- 0.87193 
- 0,39248 
0.08845 
0.57103 
1.05568 

1.54269 

2.93191 

2.52326 

3.01669 

3.51212 

4,00944 

4.50861 

5,00956 

5-.51210 

6.01604 

6,52105 

7.026*8 

7,04*9* 

7 . 8! 343 
7. (=6953 
7.94072 

Cf’JTFR- AT 
rtNIFP AT 


n .24199 
11.21970 

H. l 79 l '7 
11,12136 
11.04745 
l0,95«16 
10.85285 

In. 60539 
20.0251 1 
9.45334 
8.8S8(,t 
8.32834 
7,76968 
7,20982 
6,84582 
5.95852 
5.25519 
4.53736 
3.80»3'a 
3.07765 
2.35195 

I. 63778 
0,93999 
0.26*21 

•0,40107 
-1.94595 
«1 ,67700 
•2,29584 
- 2.90394 
•3.50314 

• 4.09533 

-4.68199 

• 5.26451 

- 5.84427 

-6,42259 

•7,00002 

-7,57665 

-8,15324 

-8,72954 

- 9.30731 

•9.79(22 

•10,21095 

-10,24184 

-10,22285 


• 8,09109 
- 8,06582 
• 6.02851 
-7,97092 
- 7.92227 
- 7.85629 
- 7,78091 
• 7.60511 
- 7.18658 
- 6,76634 
- 6,35035 
- 5.93254 
■5,51 090 

• 5,09741 

•a , 68001 

- 4,17925 

• 3,67939 

- 3.18099 

-2,68469 

• 2.19093 

• 1,69967 

- 1.21097 

• 0,72459 

- 0,24035 

0.24212 
0,72509 
1 .20242 

1.67968 

2.15458 

2.62726 

3.09782 

3.56630 

4.03278 

4.49737 

4,9601 1 

5.42107 • 

5,88043 

6,33841 

6.79531 

7.25138 

7,63090 
7.9581 I 

7.97545 

7,94072 

OPSTLON 
UPSILON 


11.24199 
I 'l .2456! 

1 1.2501 3- 
11.19462 
1 1 . t 3797 
1 1.05954 
10.96006 
10,72489 
10,17186 
9.62739 
9.08952 

8.55510 
8,02089 
7.4S370 
6,94005 
6,27356 
5.58866 
4,88793 
4,17662 
3.46362 
2,75668 
2.06153 
1.38188 
0.71856 
n , 0 7084 . 
-0,56427 
-1 .18942 
-1,806*6 
•2.41870 
-3,02676 
•3.63257 
•4.23737 

-4,84234 
•5.448*4 
•6,05672 
-6,66690 
-7.2T9l)| 
•7. *9285 
•*,50854 
•9.12734 
-9,60617 
•10.09617 
•I0,157«9 
-10,22285 

11 .*2292 

•10. 15043 


*i PH 4 
ALPHA 


-8.07798 

7.88329 


dRitSlNAL PAGe 
OF POOR QUALITY - 
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AJT FRu'Jt HLDfN FAN R 1 (STAC^El> CN /tTAFL. f, 
STAnr t, KOTni? 

COPBO SV 3 Tl>' oatun t lS.7J2ta « 0, Wll 

SECTION NO J StCTU'N Cf 


G. )U/lp /77 

NH 

? 9 ' 

0 . 

ETA 0 , 

RHO 

- 60 .Q 6 no- ' 




PEAKLINt 

INPUT DATA 


PT 

ALPHA 

2 ETA- 

ThICKNESS 

UP'SILQN 

1 

-R'. 4?102 

50,041 

0.10616 

0 . 3570 ? 

2 

-R.RTDPR 

40,360 

0,30440 

8 . 8251 6 

3 

•a.ObJbS 

48.105 

0.52152 

7 . 788 O 4 

4 

-T.loBOS 

47.786 

0 ‘. 73635 

6.77351 

5 

- 6.22577 

48,000 

0 . 042 U 

5.70012 

« 

•S. 1 R 704 

46,436 

1.15101 

4.50808 

7 

■•«, 0 <.S 28 

47,704 

1.35236 

5.33101 

6 

- 2 .R 2241 

45,184 

1 .51571 

2,12250 

R 

-I .76987 

41.061 

1,63514 

1.02858 

10 

-O.ROSSn 

40,010 

r .70470 

0,02256 

11 

0,66718 

38.556 

1.72090 

- 0. 05735 

12 

1.74982 

36.884 

1 . 6^310 

- 1.85205 

13 

2 , 9440 ‘j 

35.202 

i; 5»312 

- 2.71050 

1 « 

4.14064 

33,625 

1.45356 

• 3.54237 

15 

5 . 3500 ! 

32,124 

1,26810 

- 4.32557 

16 

6.57163 

30.506 

r .04231 

- 5,06070 

17 

7,80330 

28.754 

0,78205 

- 5 ,' 77 l 0 ! 

18 

0,04550 

27,081 

o', 4O44O 

•6,45006 

IN 

lo'.oaoua 

25.722 

0 . 2300 s 

76.04815 


SURFACE coordinates hJtk ORIGIN AT SECTJCN aMS 


UPPER LGkFR 


— PT' 

■ T/C 

Alpha 

UP3ILDN 

ALPHA 

IJPSILQN 

1 

0,00772 

•o'. 4? 102 

9.35702 

-0,42102 

9,35702 

2 

0. 00772 

-0,43402 

0,52050 

-0.39080 

' 0,56630 

3 

0.00772 

•0.43074 

0,27868 

•0. 34164 

0,35334 

4 

0.00772 

•0.4071 7 

0.20056 

-0.27777 

0,11700 


■ 0.00772 

-0,36266 

0.12244 

•9,10061 

O.25O06 

6 

0.0077? 

•9.20635 

0,01804 

-O,107"3 

0.17500 

7 

0.00772 

-9.2003S 

8,80542 

•0.00104 

9,06006 

B 

0.01231 

.0.05213 

8,67056 

•6.61440 

8.88301 

0 

0,01692 

•8,60600 

8,07750 

-8.28401 

8,36170 

10 

0,02150 

•8,16138 

7,48812 

-7.75410 

7,05289 

— 11 

' 0,02603 

-7.71530 

6,00605 

-7.22457 

7,35080 

12 

0.05045 

•7.26015 

6,33037 

-6,69528 

6.85016 

13 

0,05474 

-6.82247 

5.75400 

•6,16644 

6.346T1 

■ 14 

0,05888 

-6,37500 

5.17857 

-5,65830 

0,83741 

IS 

0.04282 

•5.02582 

4,50006 

•5,11205 

5,32236 

' 16 

. 0,04726 

-5,.38313 

5,90227 

-4,43411 

4,69064 

17 

0,05135 

-4.83305 

3,20804 

-3,86?66- 

4.09052 

18 

0,05504 

•4,27664 

2,52606 

•3.24035 

3.4768,7 

10 

0,05832 

-3.71001 

1,86655 

•2.64535 

2.89859 

20 

0.061 15 

-3.13366 

1.23873 

-2,u5i08 

2.35467 

21 

0,06340 

-2.55275 

0.65«01 

• 1. 46136 ' 

1,83071 

22 

0,06534 

•1 .O6O0O 

0,09575 

-0.87430 

i ,34550 

23 

0,06666 

-1.38406 

-0.42076 

-0,28878 

0,86305 

24 

0,06746 

-0,70767 

-0,93350 

0,20544 

0.38840 

25 

0,06772 

-0.20615 

•1.42090 

0,87454 

-0,08025 

26 

0, 06746 

0. 30061 

-1 ,80091 

1 ,44841 

-0,54070 

27 

‘0, 0666? 

0.09171 

-2. 34235 

2.01704 

-0,00205 

■ 28 

0.06550 

r,50665 

-2;77505 

2.58562 

-1.4371? 

29 

0,06561 

2,2fl<*77 . 

-3,19004 

3.14613 

-1.87573 

30 

0,06137 

2.81563 

-3.58484 

3.70590 

-2,30333 

' 31 

0,05'’67 

3.42860 

-3.06317 

4.26346 

•2.72663 

32 

0,05556 

4.04565 

-4,52504 

4,81014 

-3.14422 

33 

0,05205 

■ 4.66040 

-4,67139 

5.37202 

-3.55615 

34 

0.0J816 

5.27607 

-5,00265 

5,92507 

-5.06233 

35 

0,04304 

5.80007 

-5,31000 

'6,47559 

-4.36214 

36 

0,03940 

. 6.52038 

-5.62012 

7,02401 

-4,75470 

37 

0,05450 

7,14202 

-5.00612 

7.57300 

.5. 14006 

38 

0,02053 

• 7.76354 

•6,17721 

8,12300 

•5,51810 

39 

0,02426 

8.58475 

-6.43435 

8', 67242 

•5,8fl88A 

40 

0,01880 

0,00540 

-6,67706 

9.22240 

-6,25109 

41 

0,01414 

0.52186 

•6.87100 

9,68145 

-6,54877 

42 

0,00044 

0,02593 

•7,01609 

10,04015 

-6.77642 

43 

0,009'14 

IO.OI 096 

-7,01700 

10,09540 

-6,84626 

44 

0,00044 

lo. 08942 

•6.04813 

10,08042 

-6,04813 

' l£ 

RAD 0,03166 

center at 

alpha -0,40060 

' upoildn 

0,33365, 

TE 

RAD 0.13300 

Center at 

alpha 0. '36878 

i 'JPSILCN- 

-6,88«83 



AST 

rsriNT ril (ICK fan 

Ri CSTAOKfri 

I'N 7tTAI>L. r. 

G, IH/I 8/77 


• stage I. 


NrlTOR 

MB 28 

CnORD SYSTt^ ORIGIN ? 

11. 7121P 

K 

1' . MU ■ 

0. eta 

SECTION NO II 

SEOTION 

on 

RH[) 50,8000 



PEANLlNt 

UPin DATA 


PT 

ALPHA 

2ETA* 


thickness 

liPSiLCN 

1 

• 10.6S7I'2 



0.72253 ■ 

7.81b0e 

2 

•lO.lTSF^ 

>17.270 


n'.lioTo 


$ 

-'T.lPJICi 

U5.SI1 


0,o22«7 

b . 1 ORUO 

u 

-8.0P7PI 

A-I.llfl 


0.87078 

5.176(8 

5 

• 7.0APP<! 

J3.U17 


t.i2Qhr 

0,17387 

6 

- 5 .P 0307 

>11.320 


1 . 30 IOO 

1. (OObO 

7 

•A.OPS77 

17.575 


t’.fPHRl 

2.05156 

6 

- 3 .STOS 0 

Jj. ISO 


r,7fc7>}A 

t . 1 1 36 1 

Q 

-2',0I«Oi 

51.370 


1.80051 

0.26710 

10 

-O.tiOOla 

2S.2*l 


1.05355 

•0.00675 

11 

O.aSSPO 

'2R.770 


l,*)S7t>7 

•1 . 1 7oOo 

12 

2.0P0R0 

20.P51 


1.R077! 

•1 , 7Jb50 

S3 

3,«tl6S6 

lo.OUh 


I^SOJIO 

22170 

10 

u'.flt JUQ 

1 1 .Til 


1 .6>I71« 

•2.58512 

15 

ft.aasfcs 

fc.R?2' 


1^03705 

•2,82831 

16 

7,71 JPO 

0.005 


1. 17808 

-2.01022 

17 

R,2l7<l<l 

-fc,320 


0.87507 

. -2.. 878 10 

IB 

I0.T67U5 

«13, j56 


0.50350 

•2 . 62c5 1 

19 

12.10077 

•to.sii 


0.25700 

•2.22508 


SURFiCr CpORri^ATES HItK origin At SECTION AVIS 




73 





AST fKl)^T HLCICK PI (.''TAfAfD UN ZnAPL, t. U,)<i/l8/77 
ST«[,L t. PPTPK NH aa 

COORO svsrt‘< OHIOtN 7 IT.71?IP H ' 0 , . Mil 0 . FTA 0, 

strTinN NO 5. . section ef «hq ui.iboq 

Pt SEE INF Input data 



Pt 

AUPKA 2ETA» 

THlCKNfSS UPSILON 


1 

•11. 

80581 08,297 

0.20160 

’6.ft0099 


2 

M 1 1 • 

31257 07,501 

0.38590 

6.20863 


3 

-10. 

23301 06,200 

0.66895 

5.09651 


4 

-9. 

13708 00.590 

0,95809 

3. 98990 


5 

-A. 

02680 02.000 

1.19(175 

2«94844 


4 

-0, 

78612 38.156 

1.04073 

1.91506 


7 

-5. 

01678 33.536 

l,e"S12 

0.^^441 


6 

-a. 

02613 29.127 

1,87902 

0. 095=0 


Q 

-2. 

61621 20,206 

2.T2403 

■ -0.61350 


10 

-1. 

18507 18,086 

2. I 1693 

-1.17827 


11 

0. 

26913 11.957 

2,10958 

-1,58001 


12 

1. 

75032 0.563 

2 11759 

•1 ,60060 


IS 

3. 

2P0SO -5,585 

2.C0988 

-1,81590 


1« 

4. 

86005 -12,169 

1 ,e?06fi 

-1.60108 


IS 

b* 

50576 -20,859 

1,55053 

-1,13010 


16- 

8. 

23307 *29,326 

l,22oO0 

-0.36927 


17 

10. 

05509 -37,167 

0^66250 

0,72181 


18 

11. 

9A913 -03,913 

0.09747 

2.19553 


19 

1 J. 

70379 -06.720 

0. 21303 

3.78375 

, 


SURFACE CrORCINATES "ITH ORICJM AT SECTION aKIS 





LCWFH 

Pf 


T/C 

ALPHA 

UPSILOA 

alpha IIPSILON 

1 


0,00939 

-1 1 .80581 

6.SO099 

•ll.ftosftl 6.80099 

2' 


0,00939 

-1 ! .=6230 

6*J^0379 

•11,80708 6,85302 

S 


0,00939 

-U .855=9 

6,7021? 

•11,70666 6.85905 

4 


0.00939 

-n ..= 2097 

6.65731 

-11,66590 6.79905 

5 


0.00939 

-1 1 .76780 

6.55092 

•11,56638 6. 75002 

6 


O.OOO39 

-1 1.68350 

6.02379 

-11.00878 6.63297 

7 


0,00939 

-1 1 .57301 

6.27073 

-11.31136 6.50823 

■ - --8 


0.01610 

-1 1.35970 

5.99326 

-11,05039 6.27313 

9 


0.0226U 

• lo.77'>f‘b 

R.20702 

•10,35679 5.60808 

' -10 


0.02A97 

-10.19629 

0,52301 

-9,66289 5.00390 

' It 


0.03905 

-9,60770 

3,81982 

•e. 97395 ■ 0.06156 

12 


0,04086 

-0,01302 

3.10101 

•8,29119 3,9o5o9 

13 


0.04639 

-8.U1U50 


-7,61619 3.38195 

Ifl 


0.05162 

•7.79971 

1 ,87522 

-6,90955 2.89593 

IS 


0.0S6S3 

•7.1801ft 

1 ,29710 

-6,29)60 2.0U890 

lb 


0,0619a 

•6 1 4?f)45 

0,65667 

•b, 51185 1,96171 

17 


0.0667R 

-5.66571 

0,0720? 

•a. 70011 1,51973 

18 


0,07100 

-0,89613 

-0,061 52 

-3.97672 ■ 1,1)735 

' 19 


0«Q74o4 

•o.nfi35 

-0,90677 

*3,22153 0.75182 

20 


0,07769 

-5.33016 

•1,38089 

-2.07670 0.02263 

21 


o.ojion 

-2.53100 

>1,77529 

•1.70292 n.]J2(iO 

Et! 


0,08195 

-1 .72097 

-2,tC861 

-1,01998 -0.12028 

23 


0*06307 

•0,<>0g76 

-2.36717 

-0,30721 • .0,33376 

24 


0.08355 


-?, 60581 

0,39700 -0.5083) 

2S 


0,0833? 

0.76372 

-2. 761ft! 

1.u9u 26 -fl.6«3b9 

26 


0,08290 

{ ,60444 

-2.ftSl87 

1,7«652 -0.73950 

27 


0,08073 

2.00607 

-2.87295 

2,07707 -6,79507 

28 


0,07830 

3,28530 

•2.P2031 

3.17)57 -0.81271 

29 


o.o7Sia 

0 , I (799 

•2.70656 

3.87)90 -n,7e"ftO 

SO 


0.07130 

o‘.9«172 

-2.521 10 

a.S8))o -0,72230 

■ SI 


0,0o68a 

5.75386 

•2.27019 

5,36)93 -0,61669 

32 


•0,06186 

6.5=251 

-1,95750 

6.03630 -6,05170 

35 


0,05647 

7.317B6 

-1,58683 

6.78393 -0, 20356 

39 


0,05076 

8.11100 

-1 ,16070 

7,50373 0.01593 

35 


0,04457 

R,?*7276 

*0.68157 

8,31098 0.3?9o5 

36 


0.03A9I 

9,62306 

•»0,tS34 1 

9,09723 0,69»29 

37 


0.03297 

In, 36502 

0. 01937 

9.88827 1.12090 

- 36 

0,02717 

1 1 ,10256 

1,03635 

10. 68011 1,59609 

39 


0,0^16? 

1 1 ,8.3676 

1 ,70305 

11.08289 2.13262 

40 


0,016«l 

12.56792 

2.02500 

12,2«;i7o 2.73851 

*a| 


0*0 1 ;»5o 

13,17375 

3.05919 

12,9563b 3,28918 

u2 


0,00029 

13.70096 

3.62«52 

13.50875 3,79159 

93 


0.00829 

1 3.T309P 

3,69826 

13.62267 3. *1861 

44 


0.00«'29 

1 3.70379 

3.7637b 

13.70579 3,78375 

LE 

RAO 

0,00076 CFNTFR at alpha -11,81869 KP3II.CN - 6.01056 

TE 


0.11310 CtMlo AT *lPi'A 15.6221 

,> UPSTLCM 3.70551 
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APPENDIX G 


BLADE AND VANE AIRFOIL 
MANUFACTURING SECTION 
COORDINATES 


2. Front Block Fan Rotor 2 


75 








stage 2, 

rQTPR 

K9 02 

section no t 

section 

AA 

RHO 6j 



nEANlIIE 

data 


PT 

ALPHA 

ZETA* 

Thickness 

UPSUON 

t 

-9‘.1?931 

63.560 

0 • 06h56 

8' 19562 

s 

.3.97556 

63,363 

0.10987 

7 .7<>5o9 

- - . . J 

.3.516H2 

63,009 

0.15618 

6'.9760« 

0 

.3.1070J 

62,755 

0, 20106 

h’, 1 7700 

• s 

.2,69656 

62,815 

0,?u,i87 

5^3799 1 

b 

■ .2.20569 

63.522 

0’.26609 


7 

.1 .70S9S 

60,670 

0.33315 


e 

.1.25557 

65,062 

0,57055 

?. J99A7 

' ■ 0 

.0.75S12 

65.363 

O.uOcTo 

1,31103 

10 

-0.26251 

60,230 

0.07286 

0.2«;3*5fl 

It 

0.25257 

62.075 

0,03600 

•0^733*^7 

12 

0,72600 

60,690 

0'.oO!52 

• t 

13 

1.21990 

59,580 

0,03038 

.2^SA5^7 

10 

1.7! 160 

59,066 

0,00806 

•3^331R7 

15 

” 2.20178 

58,720 

0’.36o87 


16 

2.69007 

58.357 

0.30602 


17 

5,17650 

58.033 

0.23508 

•5], 7?6?3 

la 

5,65969 

57,660 

0,15566 


19 

. 0,06129 

57,793 

0,06675 



surface coordinates *ilTH ORIGIN AT SECTION AXIS ’ 


PT~ ■ T/C 


UPPER LO^FR 

alpha ■ OPSiLOK ■ " ■ Alpha 


UPSlLON 


1 

0,OOo98 

2 

0,00(t9A 

3 

0 , 00096 

O 

o,oOfl9a 

S'” 

■ 0.0Oo9r 

6 

o.oOa9fl 

7 

0,0Oo9fl 

a ■ 

'■ 0,00o9fl 

9 

0.00633 

10 

0,00767 

1 r ■ 

O.oOoOo 

12 

0iOlo31 

13 

0 ,0ll6ft 

10 

0,01?86 

15 

0.01009 

--16 

0.01528 

17 

0 ,0l66<i 

18 

O.OI790 

— - • „ 

O.OlOlo 

20 

0 , 02 n 26 

21 

0.02i28 

22 

0.02220 

23 

0,02361 

20 

0,o2x7| 

25 

O,02o29 

26 

0,02o75 

27 

0,02509 

28 

0,02531 

29 

0i025l0 

50 

0,02533 

31 

0,00500 

32 

0,o2o06 

33 

0,02360 

3« 

0,02209 

35 

0 ,02i 10 

36 

0,01956 

37 

O.OI777 

36 

O.OI580 

39 

0. 01x67 

“0 

O.OllOl 

01 

0,00905 

02 

0,00703 

03 

0,00o99 

00 

0,0Oo99 

05 

0,00o9q 

CHoRn 


U.TNib 

AREA S.<J76B90 


SfCTIn'l C’,G, 
STRLAi'’jiJ»f Act 

PLAot Axlj 
StacNi’k; axis 


-0.12931 

8.19362 

•0,12931 

8,19362 

• 0,1 3656 

0,18507 ■ 

•0.11013 

0,19026 

•0,13960 

8,16871 

-0.10321 

8, 18691 

-0 , 1 3» 16 

8,10078 

•0. 08501 

8,17131 

-0,13102 

8,11 360 

• 0'.b60l5 

8.10718 

-0.1 1688 

0,07500 

•O',o0120 

8.11021 

•0, 10913 

8,03(100 

•0.01635 

8,07232 

-0,07635 

■ 7.97821 

•3‘.909o2 

0.02179 

-3,97370 

7.75920 

•3.87539 

7,80009 

•3,77926 

7,30666 

•3,66030 

7.00672 

•3,56069 

'6.93701 

•3.0O53O 

7.00800 

-5.36997 

6.53166 

•3,23050 

6.61309 

-3.19511 

6.12627 

•3.01586 

6,22059 

.3.00010 

5. ’2576 

•2‘.8fll30 

5.82812 

-2,80091 

5,32282 

•2.50700 

5,03965 

•2,60956 

(1,91799 

•2.37283 

5,03839 

-2.37096 

0,02590 

•2,11599 

0,55009 

•2,13998 

3.92255 

•t,859cj 

0,05069 

•1.90039 

3,“069p 

■1,60369 

3,50936 

-I ,66006 

2,87950 

•1.30658 

3,02771 

-1 ,«3C55 

2,30261 

•1,09o35 

2,09629 

•1.19259 

1 ,79900 

•0.6«1 1 6 

1 ,95890 

-0.953011 

1 .25627 

.3.50930 

1 ,92278 

•0.7121b 

0,72052 

•0,33873 

0,89098 

•0.A6990 

0, 19767 

-0,00993 

0,38089 

•0.22600 

•0.50779 

0.15837 

•0,1 1506 

0.0l8?b 

•0,79030 

O;fl05l5 

-0,59320 

•1,05283 

0.26390 

•1.26191 

0.65095 

0.5I005 

•1,71208 

0,fl9ssj 

-1,09665 

0.75801 

•2,10720 

1.13971 

-1.92730 

1.006»6 

-2,57053 

1^30229 

-2,35007 

1.25709 

•2,98507 

1.62310 

-2.76008 

1 ,51000 

•3,39005 

1,86202 

-3,10371 

1,7601? 

•3.799o« 

2,09915 

•3,59728 

2,(>20U5 

•0,19971 

2.33006 

•0,00897 

2.27820 

•0,59601 

2.56013 

-0.01853 

2.537O0 

•0,98836 

2.80037 

•0,82637 

2,79780 

•5,37705 

3. ,03 132 

. -5. 23280 

3.05951 

-5,76303 

3.26113 

•5.63777 

3,32205 

• 6,10639. 

3, 09005 

•6,00113 

3,58517 

•6,52728 

3,71835 

-6,90366 

3.80078 

-6.80002 

3', 90826 

-6,77002 

3,9998? 

-7,1209? 

0, 07666 

*7,07660 

0,02507 

“7.10291 

O.O0I73 

-7,1 0750 

0,06129 
SECTir', C 

("apjsd 

«'.06129 .7.1 3707 

stagger caprfr 

91.887 5'6t« 

SURFACE APc LI nGTh 3o' 80507 

ALPHA UPSliro 

•0, 00299 0,n0!68 

.G, 0,01279 -0, 01781 

0, 0. 

0. 0. 


COORD SYSTtP rR?r,I'J ? 


AH.P'1019 


II 0 



StiGE '2. R010'» 


NR US 


section no 2 

section 

88 

rho ii. 



VEANLINE '■ 

’ data 


PT ^ 

ALPHA 

ZETA* 

THICKNESS 

UPSILON 

1 

•9,69612 

60.393 

o'. 11097 

7' 7-7289 

? 

•u,ul7bS 

60.159 

o'. 19612 

7 57398 

■ s 

■ i3‘.9S915 

59.673 

0,20810 

6,57989 

a 

.3,«982‘1 

89.809 

0,26859 

5,78683 

s 

•i.oisns 

60.006 

0.32632 

9.98879 

6 

-2.52J60 

60,957 

o'. 38515 

o' 00597 

7 

.1.96303 

60.699 

0,119200 

3,09769 

R 

.1 .R003I 

60,766 

0.98955 

2,08623 

« 

•0.83S79 

59.697 

0',52629 

1,09871 

iO 

.0.26988 

57.719 

0,55110 

0.16319 

It 

0'.2Qh9o 

55.989 

0.56313 

• o' 70293 

12 

O'.BbOal 

55,115 

0.56067 

-1,52636 

13 

1,93217 

59,652 

0.53925 

33507 

1« 

2,00002 

89,906 

0,99996 

-3, 13128 

■‘15“ 

2,56761 

59.331 

0^99301 ■■ 

-3.02288 

U 

3'. 13960 

59,329 

0.37231 

-0'.7l288 

17 

3'. 70069 

59,363 

o' 29fl91 

-5' 50165 

“16 ■ 

■ 9.26526 

59.506 

O.2C065 

-6,29108 

19 

9'.73932 

89,686 

0.12313 

•6.05082 

■ ' ■■ 

“■ SURFACE 

CODSOINATES «ITH ORIGIN AT 

section AXlj 


p, 

t/c 

UPPER 

alpha’ ■ 'UPSILON"' 

LflKEB 

alpha 

■“upSilon 

! 

0*00650 

•9,69612 

7.77259 

■9.69612 

7.77259 

-.2 -- 

0.00650 

-9,68525 

'7,7t>069 "' 

‘ "•9'.63ll7 

7,77936 

3 

0,00650 

.-0,65833 

7.73869 

•9.61065 

7.76579 

9 

0,00650 

.9,68976 

7.70692 

-9.58516 

7,70655 

S'" 

■ 0,00659 

•9,09376 

■ 7,66593 

-9,sS5u5 

■ 7,71622 

6 

0.00659 

-9 ,62962 

7,61608 

-9,82221 

7,67939 

7 

0, 00659' 

-9,59708 

7.55751 

-9,08568 

7.62099 

_ g .. 

0.00659 

•9,56169 

■ 7,96979 

-o.0“508 

"7.85639 

9 

0.00893 

-9,97531 

7.3263! 

•a',39792 

7.39980 

to 

0.0lq29 

-9,25950 

6,91132 

•9.09970 

7,00076 

ir ■ 

Q,0l205 

-9,03355 

6.99827 ' 

■ -S'.SSlOS 

6.60381 

12 

0,01303 

-3.81290 

6.08672 

•3.60376 

6.20806 

13 

0,01557 

-3.59101 

5.67601 

•3.35613 

5,81270 

19 • 

0,01726 

-3.36937 

5.26535 ■ 

•3.10875 

'■ 5.91665 

15 

O.OlpOo 

-3.19795 

9,85398 

-2,86169 

5.01892 

16 

0.02oA8 

•2.92518 

a. 95917 

-2'. 6 1489 

0,61680 

17 

0,02228 

-2.65785 

3.93792 

•2.31939 

0,12959 

16 

0.02306 

•2,38966 

3.93183 

-2,02976 

3,63636 

10 

0,02853 

-2. 12091 

'2,92186 

•1 .731 J8 

3.I3R09 

20 

0.02603 

•1,89989 

2.90973 

-1.03893 

2,63825 

21 

0,02820 

•1,57770 

1.8992! 

-1.19829 

2,13991 

22 

0.02931 

-1,30378 

i ,19067 

-0.85933 . 

! ,69828 

23 

0.03o26 

•1,02785 

0.90120 

•0,57299 

1 ,16880 

29 

O.OAiOS 

•0 ,75009 

0.92358 

•0,28792 

0.70506 

25 

0,01i63 

-0,97099 

-0,03619 

•0,0OOl9 

0.85957 

26 

0, 03209 

-0.18955 

-0,97739 

0.27775 

•0,169*7 

27 

0.03227 

0.09315 

•0.90297 

0,55887 

-0.88792 

.... jg 

0.03230 

0,37978 

•1.31722 

0,83907 

-0,99719 

20 

O.OSpOO 

0,68866 

•1 ,72298 

1.11799 

-1 ,90233 

SO 

0,03iS9 

0,99930 

•2.12271 

1,39520 

-1 ,80508 

31 

O.03fl55 

1,21171 

-2.51759 

1.67061 

•2,20610 

32 

0.02961 

1.52079 

•2.90839 

r.99937 

-2,60605 

S3 

0.02859 

1.81193 

-3.29583 

2,21685 ■ 

•3,00577 

39 

0,02709 

2.10361 

-5.68102 

2.08719 

•3, 90593 

35 

0.02832 

2.39728 

•9.06955 

2.75636 

•3.80688 

36 

0.02339 

2.69239- 

•0,99691 

3". 0291 2 

•0,20879 

37 

0,02l20 

2,98870 

-0,82827 

3.29089 

•9,61 159 

38 

0,01902 

3.28617 

•5.20872 

3.55595 

•9,01509 

.30 

0,0U6? 

3.58957 

-5.58872 

3. '2037 

-5.91968 

90 

0«0l9ll 

3.88379 

-8,96880 

9',o8«03 

■5,82559 

91 

O.OllSo 

9,18359 

•6,39998 

9.39705 

-6.23282 

92 

0.00929 

9,93372 

-6.66701 

9.56589 

•6,57303 

93 , 

0,00708 

9,69612 

- 6.93797 

9.75191 

-6, *6339 

09 

0,00708 

9 ,68909 

-6.96101 

9,76099 

-6.90672 


0,00708 

0.73932 

-6.98082 

9.73932 

- 6 , 950*2 


CHORD 

17.9577 


STAGr.FR 

57,998 

TAMBFR 

5'.658 


ASF.A 7.00o 77« SURFACE ARC LENGTH TS'.OTRftS 


»l.RHA IJRSIiO>l 

SFCTinN c,&i o.onsiR pO , oohd*; 

ST*-f A-<',|)«rAt£ jtCTtrsN C.G, rn'j.mjn'i 

Ui Af,t Jifis 0, n, 

STAcNi'ir, AXIS (RACIAL} 0. 0, 


78 


CfiORR SYSItR n»TGI'i 7 


OR,?(iOl') 


R 0 



•ZPC* 


Asi front fan r2 (jtachei) on 7-pl cr.) 


STAGE 2. RflTOH NH ‘ «2. 


,CDORO SYSTEM 

OHTGIN 2 

08 , 200|0 


0, ^'l( 

0. . 1 

SfCTION NO 3 

SECTION 

cc 

RHO 7 



PEANLINC 

INPUT DATA 


PT 

ALPHA 

ZETA* 


thickness 

UPSILON 

1 

-5,11568 

57.006 


0.13767 

7.00001 

2 

-0. '8 6 356 

57.136 


0,1761)1 

7.O55O0 

3 

-0.35726 

57.266 


0.25251 

6.-272 53 

0 

-3.80815 

57.035 


0.32723 

5.07053 

5 

-5.33631 

57.608 


0.308.13 

0 ,6'7700 

6 

-2.77020 

57.707 


0.07075 

1.78323 

7 

-2.10002 

57.352 


0.5O030 ■ 

2.80050 

8 

-1 ,52J66 

55.630 


0.50765 

1. 85550 

■0 

-0,80603 

53.076 


0.60020 

0.06280 

10 

-0.26658 

52,681 


0.66620 

0.11730 

11 

0.36660 

51.677 


0,67070 

-0.60802 

12 

1. 00220 

50.760 


0.66371 

-1.08075 

13 

1,60032 

50.025 


0,63270 

-2.26075 

l« 

2,28002 

00,012 


0,58205 

-3.0l6?6 

15 

2,02280 

08 . HOT 


0.51627 

-3.75820 

16 

3.56685 

08.252 


0,03500 

-0,08733 

17 

0,21271 

07.717 


0,30230 

-5. 20323 

"18 

0.85970 

07.302 


0.20123 

-5.01056 

10 

5,30065 

♦ 07,206 


0. 15303 

-6.00550 


I ■ 

. surface COORDtNATtS hlTN-ORIGlN AT SfCTjON AXIS 


UPPER ■ UOhFH 

Pi T/C alpha UPSILON ' ALPHA UPSIUON 


1 

0.00788 

-5.11560 

7.00001 

-5, 11568 

■ '2 

0,00788 

-5.12500 

7.02000 

■-■ 5.00775 

3- 

0.00788 

-5.12830 

7,00278 

-5.07206 

0 

0.00788 

-5.12200 

7.36007 

-5.00008 

5 

0.007H8 

-5.10603 

7.31653 

-5.00266 

6 

0.00788 

-5.00055 

7.25799 

- 0,05070 

7 

0.00788 

-5.00010 

7.10000 

-0. 01210 

8 

0.U0788 

-0.00825 

7,1 1007 

-0,85670 

0 

0.01017 

-0,02733 

6.00008 

-0.7782b 

10 

0.01206 

-0.60125 

6.57370 

-0.00858 

11 

0,01072 

-0,03507 

6,15581 

-0.21800 

12 

0,0160? 

- 0, 18866 

5.73660 

-3,03063 

13 

0.0101? 

-3.00192 

5.31628 

-3,66060 

1« 

0,02120 

-3.60076 

0.800BS 

• -3.38100. 

15 

0.02328 

-3.0O710 

0.07250 

-3,10180 

16 

0,02520 • 

- 3.10300 

^ 0,00875 

-2.82602 

17 

0,02706 

-?. 89085 

3.53057 

►2.00005 

18 

0.02053 

-2.50031 

3.03089 

-2.16008 

10 

0. 03102 

-?. 2=676 

2.52712 

-1.83571 

20 

0.0331 3 

- 1 .00105 

2.03300 

-1 .50060 

21 

0,03063 

-1.68050 

1 ,55336 

-1,18603 

22 

0.03501 

-1.37535 

I .00133 

-0.86036 

23 

0. 03605 

-1 ,06058 

0.60500 

-0.50021 

20 

0.03770 

-0.75238 

0.21320 

-0.225O0 

25 

0.03820 

-0,03887 

-0,20786 

0,00102 

26 

0,03850 

-0.12369 

-0.61080 

0.00766 

27 

0,0386? 

0 . 1033 a 

-1.02320 

0.72151 

28 

0.03837 

0.51227 

-1,01786 

1.05350 

20 

0,03780 

0.83280 

-1 .00009 

1.30380 

30 

0.03702 

1.15518 

-2, 10385 

1.65207 

31 

0.035OO 

1 .07000 

-2.55671 

1,05052 

32 

0.03060 

1 .80052 

-2.02382 

. 2.26007 

33 

0.03301 

2.13153 

-3,'2,8500 

2,56888 

30 

0,03120 

2.05000 

-3.601t.O' 

2.87103 

35 

0,02018 

2,70051 

-5,00278 

3.1727(1 

36 

0.02606 

3.12032 

-0,33027 

3.07285 

37 

0.02O56 

3.05222 

-a . 68080 

3.77187 

38 

0.02202 

5.78087 

-5.01753 

0 . 0 7 0 1 (1 

30 

0,010311 

0. 1 1806 

-5.35013 

0,36706 

00 

0.01656 

0.05179 

-5.67070 

0,66506 

01 

0,01368 

j. 78507 

-6.00688 

0.06IRO 

02 

0.01125 

5.0^06 S 

-6,27770 

5 . 2 PRO 1 ) 

03 

0,110870 

5.28820 

-6.00U27 

5,(1071 0 

oo 

0.00870 

5,33886 

-6, 51680 

5.02568 

05 

0.00K7O 

5.30065 

-6,0055(1 

5,30<>65‘ 


7,qu76a 
7,«38<JC 
7.«1777 
7,38368 
7,33612 
7,27aR5 
7,20072 
7,08712 
6,69170 
■ '6,20500 
5,80607 
5.0062! 

5.00020 
0,60027 
o,2«a«7 
3.70563 
. 3,30731 

2.»20S8 
2,35205 
1.80552 
1 .05062 
1 .02676 
0,60000 
0.10875 
-0.20505 
-0,60381 
-0,00603 
-1 .38565 
-1.77076 
-2,15300 
-?. 53260 
-2,00080 
-3,28056 

-3.65700 

-0.02735 
>0, 30OH8 

-5 ! 12280 i^RfGlNAl. PACiS 
:l\ZU -OF. POOR 

-6,|00li7 . 

-6.38030 

-6.U3678 

-6,00550 


Lf HAI) 0.02000 f.rMM) AT AlPuj -5.I0«77 IIPSILPN 7.02750 

Tt RAU O.OflluO CI'.TFO AT ALPHA 5.3006D UI’SILCifJ -6,03600 
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stage 2, ROtCR 


Nn R2 



SEcTIOm no 0 

StCllON DO 

RHO 63„5000 


■ 


PEANLINE 

data 




PT 

ALPHA 

2£TA» 

thickness 

UPSTLPN 



1 

,5'.9P039 

52,055 

0'.172I3 

6'85028 



2 

.5,61870 

52.700 

0.22588 

6,08025 



3 

.5.00023 

52.993 

0.33360 

5 7?on9 



4 

.0,06059 

52.800 

0*41*534 




s 

.3.88008 

52.126 

0,54049 

U . IA849 



6 

■■ .■3',23221 

' ' 51.120 

0'.60301 

3,36726 



7 

.2.51855 

09,908 

0.7O009 

2,09853 



8 

.1,79808 

08.791 

0.81785 

1,6=802 


■* ' 

4 

.r.07130 

07,528 

• 0.87358 

0,60619 



10 

.0,33805 

«6;o9& 

0,90000 

0,06052 



11 

0.00179 


0.90276 

•0,6a50J' 


— 

12 

1.10836 

03.198 

o' 88931 

•1^00002 



13 

1.90202 

01.679 

0.84623 

•2.09405 



14 

2.66331 

00.067 

0,78o30 

-2'.7531 3 


A 

1$ 

3.032O0 

58.303 

O.6O303 

-3' 38100 



16 

0.21 125 

36,079 

0'.S8609 

-3^97540 



IT 

u;99ri70 

30,h52 

0.4631 1 

•0,53o«6 




18 

5.79555 

32,331 

0.32579 

•5,05836 



19 

6.06667 

30.096 

0.20325 

-5.06630 



SUfifACt COUhDlNAlLS HITh ORIGIN AT SEClION AXIS 




UPPER 

LOWpR 


”T>T‘ 


T/C 

ALPHA 

UPSILON 

AcPha 

UPStLQN 

1 


0,00986 • 


6.85428 

•5,90039 

6.AS028 

z 



6,83020 

•5.88109 

6,^6042 

5 


0.00066 

5,91683 

6,80042 

•5.80921 

6.8S239 

4 


0,oOo86 

5,90583 

6,75309 

•5,80677 

6,82963 

b 


0.00986 

5.38218 

6,69013 

-5.75567 

6.70137 

6 


0,00986 

5,8oS06 

6,62298 

•5.69677 

6.73695 

7 


0,00086 

5,79027 

6,50018 

•5,63036 

6,66616 

8 


0,00986 

5,73087 

6,04492 

•5.55502 ■ ■ 

6.E7977 

9 


0,0l3l9 


6.37955 

•5.5O30O 

6,51887 

10 


0.01652 

5.O0O96 

$.‘*5370 

•5.17070 

6,12753 

ft 


0,01083 

5. 11083 

5.52609 

•0.83826 

5,73025 

12 


0,08307 

0.82806 

5.09819 

•O.5O605 

5.30077 

IJ 


0,02625 

O.5O0O0 

0.67217 

-0.17557 

a.ouosi 

" .• '10' 


0,02o33 

0.25163 

4,25016 

-3.80577 

4.5620] 

15 


0,0i?29 

3,R615o 

3.83370 

•3.51730 

0, 18038 

16 


0,03011 

3.O7007 

3.92012 

•3.19021 

3.80S57 

17 


0,03«27 

3.31832 

2.90229 

•2.79969 

3,36168 

18 


0.0«1 17 

2,96028 

2,07160 

-2', 0 1 105 

2.93093 

19 


0,00376 

?.|607P4 

2,01220 

-2.02562 

2.50695 

20 


O,0“603 

2,20900 

1 ,56008 

•1.60218 

2,09106 

21 


0.0«T97 

1 .88769 

1,1268! 

■1.26121 

1 ,68260 

' 22 


0.0«o55 

1.52561 

0,70033 

•0.86302 

1.28173 

23 


0.05ft76 

1 ,15667 

0.28520 

-0.50769 

0.88877 

20 


0.05iS9 

0.78693 

-0,11790 

•0 , 1 35 I 5 

0,50375 

— - 25 



•0.50893 

0.23069 

0,12658 

26 



■ 0.03973 

•0.88779 

0.60220 

-0,20323 

27 


0.05i83 

0.33712 

•1,25508 

0,96762 

-0,60606 

■ "• 28 


0,05i 2t 

0,71602 

-1.61121 

1 ,33|01 

•0,96207 

29 


0,05o27 

1 .096«6 

•1.95625 

I.o9201 

•1.31101 

30 


C.oOoOl 

1,07967 

-2.29023 

2.o5i9i 

•1.65002 

31 


0,00703 

1.66021 


2,449Aq 

-1,98983 

32 


0,0Os56 

2.25028 

•2.92066 

2.76585 

•2.31889 

33 


O.(l03'49 

2.63772 

•3. 22518 

3,12069 

•2,60123 

SO' 


O.OOflRe 

3,02640 

•3.51063 

3,u7o20 

•2,05662 

35 


0,03»30 

3, 01625 

•3.79281 

3.32670 

-3.26079 

36 


0,03900 

3,80686 

•0.05961 

0,17837 

•3,56561 

37 


0,0i?2o 

0,198o5 

•0. 31905 

0,52905 

•3,4590? 

38 


0,02»9fi 

0,58958 

-0,55917 

0.88020 

-0 , 10099 

39 


0.02050 

0.9AI25 

•4,79227 

5’.23083 

-0,42552 

00 


0,02lflfl 

5.37290 

•5.01006 

5.58103 

•4,6444^ 

01 


0,01812 

5,76003 

•5,22850 

5.95218 

-a. 95736 

02 


O.OloOo 

6.09021 ■ 

•5.39500 

6,22006 

-S. 1 ?049 

03 


O’.OtlOo 

6, 52328 

-5, 50896 

6,o2o20 

•5,31209 

ua 


0,0ll6u 

6,3961 1 

-5.51762 

6.47783 

•5,37565 

.05 


A, 01 1 64 

6,06687 

■•i, 46619 

6,466a? 

•5,46639 



CMfAHn . 

8TAGr.ER 

' rAWttpff 


1 7.0509 


l.8SA 

21’.959 



AREA 1 1, 378515 SURFACE ARC LENGtw iS’.JJfltS 


SfCTIo'i C.G. 

Slt'jAH’tijRrACL C.G. 

hj A')i, A »f’5 

SjAr' A<i') fPAnlALl 

CUDRD s»snn o^liis 


ai.Rha opsitnn 

n.obsm .fl.nilTA 
•'). 20715 0.12508 

0 . 0 , 

0 . 

Z OS.ROOIR H 0, 
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• ZPC* 


AST fRONT FAN R? (STArKFD ON Z-PL CO) 
stake ?. ROTOR 

COCiHO system origin Z itp.ZUOI® R 0, 
SECTION NO 5 


MU 


SfCTION EF 
meanline Input data 


NP 
0 . - 
RHO 


ETA 0. 
SP.aaoo 


PT 

t 

? 

s 

a 

5 

6 
7 
R 
<» 

10 

11 

12 
13 
1« 

15 

16 
17 

te 

19 


PT 

1 

2 
3 
0 
5 " 

6 
7 

■ ‘8 
9 

_‘0 
!l" 

12 
13 
lA 

15 

16 

17 

18 

19 

20 
21 
22 
23 
2 « 

25 

26 

27 

28 

29 
50 

31 

32 

33 

30 

35 

36 

37 

38 

39 
as 
01 
02 
03 
00 
as 

U PAR 
U RAO 


ALPHA 

zeta* 

thickness 

UP51LCW 

• o , ao76a 

50.672 

0. 19501 

6 , 57«QP 

-P. I393J 

50,810 

0,26329. 


•S.SlbSil 

50.903 

0,39906 

$.^■5201 

-4.8B73t> 

50,590 

0.53090 


•0.25130 

09,t,A8 

0,66008 

3,»^676 

-5.503PP 

oa.oP3 

0.79605 

. 3.0A095 

•2.7P393 

06,691 

0.92206 

?,2?7fe2 

-I.97h21 

00.613 

1 .02602 

1*921?! 

•1, 180K3 

02.500 

1.10159 

0,6fe5«S 

•0,37707 

00, U03 

1.10092 

• 0.09395 

0.03360 

38.2H2 

1.15607 

•0, 70805 

1.253 ! 5 

36.167 

1.13609 

•!. 31103 

2.08173 

33.695 

1,08507 

•1.91082 

2.92036 

30,803 

1,00505 

•2,q«O^0 

3.76965 

27.711 

0,80319 

•?. 916*50 

0.65155 

20,003 

0.75087 

-5,390?7 

5.50730 

20,583 

0,50127 

•3.70593 

6.40121 

15,929 

0.40OQ3 

-9,oOiiSa 

7.16112 

11.206 

0.23353 

• fa, 19009 


SURFACE coordinates hlTH ORIGIN AT SECTintJ AXIS' 


T/C 

1 

ALPHA 

UPPER 

UPSILON 

LOhER 

ALPHA 

UPSILOtJ 

0,01126 

•6,00760 

6.57099 

_-6. 00760 


0,01126 

*6.06057 

6.SS150 

‘-6,02205 

6**58306 

0.01126 

•6.06053 

6,51286 

-6.38016 

6*S75faa 

0.011 26 

-6.00680 

6.05967 

-6.33072 

6*S5ISn 

0 . 0 1 1 26 

•6.01836 

6.39275 

-6.27075 

6 1 Ofa 1 

0,01126 

-6.37037 

6.31278 

-6.20510 

6*451 44 

0.01126 

-6.31065 

6.21990 

*6.1261 1 

6*374ii! 

0.01 126 

-6.20035 

6,11325 

*6.03650 

6*?0O?4 

0.01 558 

-6.21218 

6.07332 

-6.00266 

6*?441 I 

0.01089 

-5.90117 

5.63166 

•5.63322 

5.849;>ft 

0,02018 

•5.58980 

5.18910 

-5.26012 

5,45347 

0. 02800 

-5.27762 

0.70725 

-0.89591 

5,056ftl 

0.03252 

-0.96001 

0.30886 

-0.52907 

4*66839 

0.0365? 

•0.60887 

5.87608 

-0.16378 

4.28426 

0.00037 

-0.33192 

3.05162 

•3,80028 

3,90763 

0,0ooo3 

-0.01306 

3.03503 

-3.03869 

3*53^06 

0,0o8lu 

-3. 62771 

2,50832 

- 3,110753 

3*10797 

0.05193 

-3.23899 

2,0756« 

- 2,57973 

2,68988 

0.05535 

-2.80663 

1 .61862 

-2.15557 

2*28559 

0.05837 

-2.05051 

1.17800 

-1,73516 

1*69541 
t.5l«l9 
1 .15539 

0,06095 

-2.05060 

0.75590 

-1.318S5 

0.06306 

♦1.60700 

0.35102 

-0.90517 

0,06068 

-1 .20107 

-0.03591 

*0.09502 

0*60?bt 

0 .06581 

-0.H3130 

-0,00675 

-0,08823 

0.46039 

0.06606 

-0,01850 

-0,76120 

0.31506 

0, 126?3 

0,06660 

-0.00500 

-1 .09976 

0.71652 

-0, 194^,8 

0,06638 

O.OH86 

-1.U230I 

1.11515 

•0,5084ft 

0.06569 

0.K3529 

-1.73125 

I. 51120 

•0,61356 

0.06050 

‘ 1.25835 

-2.C200I 

1,90071 

-1 , 1 0980 

0.06297 

1.68026 

-2.30205 

2.29531 

“1*39625 

0,06098 

2. 11267 

-2.56315 

2.68300 

•1.67216 

0,05859 

2.50295 

-2,80690 

3,06969 

•1 *93727 

0.05582 

2,97051 

-3,03?"2 

3.05065 

•2.19JS5 

0,05269 

3.00630 

-3,20099 

3.83935 

“2.435H0 

0,0o92! 

3.83837 

-3.03202 

0.22385 - 

•?, 670*57 

O.OoSoo 

0.27127 

-3.607O2 

0,60707 

•?*89fa9ft 

0.0al29 

0 .70009 

-3.76093 

0,99078 

•3, 10806 

0.03691 

5.13675 

*3.90007 

5.37500 

•3.31004 

0.03226 

5.56780 

-0,02679 

5,76008 

-3,50120 

0,n?73fl 

■ 5.99937 

-0.13117 

6,10507 

•3.67919 

0.02228 

6,03000 

*0,21302 

6.53097 

• 3*83979 

0,01790 

6.7P5I0 

-0.26303 

6,85670 

•3,96084 

0,01306 

7.01915 

-0.29095 

7.0766>2 ■ 

•4 *9 38 1 4 

0,01306 

7.10082 

-0.2733! 

7.10507 

•4,09516 

0,01306 

7.16112 

-0,19009 

7.16112 

-4, J 90^9 

0,03113 

rrlilFR AT 

alpha -6.«2T‘P1 

. UPSILON 

6.5509! 

0,1300? 

CF'iirn at 

alpha 7.03'iW 

■’ UPSILON 

-4.161 36 
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APPENDIX C 


BLADE AND VANE AIRFOIL 
MANUFACTURING SECTION 
COORDINATES 


3. Front Block Fan Stator 1 


82 







8TACE 1. 

stator 

NR 72 



SECTIUm mo 1 

section AA 

RHO 54 

'.6100 




peanline 

data 




PT 

ALPHA 

2ETA* 

tHlCKMESS 

UPSllON 



1 

.0,78127 

44,645 

o'. 10459 

-3'.05521 



2 

-0,55627 

93,931 

O' 15050 

•2^79563 



3 

• O'.OaSSl 

40,821 

0.23873 

-2.55352 



4 

-3.56286 

38.092 

0.52105 

•1193365 



s 

-3.07993 

35,211 

0.39498 

•1,59408 



6 

.2,55100 

32.229 

0.46427 

•1,2411 1 



7 

-1.97810 

29,225 

0'.52287 

-0^9(1052 



8 

-1.00850 

26.959 

0,56160 




9 

.0,80218 

23.7?3 

0. 57018 




to 

. 0.27974 

20.977 

0,57564 

• 0'.10327 



11 

0.27672 

18,194 

0.55691 

0lO9S58 



12 

0;B5350 

15,398 

0.52535 

0,26279 



13 

1.38320 

12,600 

0.48259 

0,40016 



10 

1.92860 

9,800 

0,43017 

■0,50819 



15 

2.06921 

6.992 

0’.5698S 

0.58788 



16 

3,00098 

a. 1 99 

0,30564 

0^64023 



17 

3.53590 

1.264 

o' 25564 

0,66545 



18 

0,06207 

-1 ,655 

0,16198 

0;6659i 

' 


19 

0,49605 

-9.119 

0’. 10249 

0.64212 




’SURFACE 

COO«OINAT£5 hlTH 0R1GI>J AT 

section axis 




UPP&R 

LOiveH 


■pr 


7/C 

alpha 

upsilon 

alpha 

UPilLOM 

1 


OtOinoa 

-4,77206 

•3.04251 

•4.77208 

•3.0425! 

£ 


OtOloOfl 

-0,77998 

•5.02604 

•4,76007 

-3,04693 

3 


o.doos 

tT ?6 1 ^ 

• 3,00(140 

•4.79052 


a 


o.oioos 

-0,76319 

-2,96610 

-9.71390 

•3,03167 

— 5 - 


o.oiooa 

. 9,73953 

-2,92582 

•9’,6fi075 

•3,01097 

6 


0.01008 

•4,70401 

-2.87416 

•4,69153 

•2.98113 

7 


O.OloOR 

-4,65699 

-2.81737 

•4.S9S12 

-2,94265 

g. 


o.oiooa 

.4,59892 

-2.75288 

-9.49859 

•2,86160 

9 


o.oioio 

.4,39152 

-2.52161 

•9,25329 

•2.66248 

10 


0,02528 

•4,16165 

-2.29795 

-a,n09?3 

-2.07308 

11 

•* 

0.02735 

-3,9uo6l 

•2.08540 

•3.76659 

•2.29302 

12 


0,03i25 

•3.71830 

-1,87786 

•3,52981 

-2.12194 

13 


0.03a9S 

•5.99465 

-1.68131 

-3.28957 

-1 .95948 

in 


0,03p47 

•3,26969 


-3.09570 

-1.80527 

IS 


0,0«i76 

-3,04325 

-1 ,31494 


-1,65886 

<6 


O.OO 539 

-2,76901 

-1. 11195 

-2,52488 

•1,49260 

17 


0,00862 

•2,49480 

-0.92103 

-2.29328 

- 1.33557 

18 


O.OSlo? 

-2,21812 

-0,74170 

•1.96339 

•1,18678 

jq 


0,05576 

-1,93985 

-0.57555 

•1.68994 

-1.04530 

20 


0,05565 

-1,66012 

-0.41617 

-1 ,908or 

-0,91039 

21 


0,05699 

-1.37905 

-0.86921 

*1,13244 

•0,78142 

22 


0,08785 

•1,09652 

•0.13248 

•0, 85829 

-0,65799 

23 


0,05a1& 

• 0 265 

•0,00604 

• 0,58549 

•0,53981 

20 


0,05797 

-0,52759 

0.11029 

•0.31390 

•0, 92696 

25 


0,08737 

»0 • 1 

0«51662 

-0,04319 

-6.31993 

26 


0,05600 

OtO^iaao 

0.31379 

0,22705 

•0,21878 

27 


0,05517 

0.33152 

0,90139 

0.49699 

-0.12339 

28 


0.05559 

0.61 842 

0.97982 

0.76675 

•0.03367 

29 


0.05l 7o 

0.90540 

0.59921 

1 ,03644 

0,05046 

30 


0,08955 

1,19240 

0,60969 

1,30610 

0.12895 

■■ 51 


0,09708 

1,97929 

0.66128 

1.57588 

0,20169 

32 


0,0“ol9 

1,76596 

0,70905 

1 .84597 

0,26860 

33 


0,09197 

2.05197 

0,73817 

2,11652 

0,32965 

- ■ ■ J« 


0.03835 

2.35751 

0,76381 

2.38769 

6.38479 

35 


0, 03501 

2,62238 

0.78119 

2.65943 

0.93393 

36 


0,03|5a 

2,90658 

0,79093 

2’.93|90 

0,47687 

37 


0,08799 

5,19000 

0.79IS8 

3.20514 

0,51335 

58 


0,o2a25 

5.47252 

0,78475 

3,47929 

0.54313 

59 


0.02fl96 

5.75909 

0,77008 

3.75438 

0,56602 

■ ao 


0,01669 

4,05469 

0,74768 

4,03049 

0,58172 

«1 


O. 0 I 596 

4,26777 

0.72515 

4’.26125 

0.58906 

02 


0,0lf,28 

4,94909 

0,70028 

4.99182 

0.59105 

03 


0, 01 o28 


0,68576 

4.47752 

0,60434 

Aa 


O.Oto28 

4,99645 

0.6921? 

4.49645 

0.84212 



CHORn 

SUCCER 

CAWRFP 




9,9741 

21,680 

98.769 



APEA Oil 15028 SUhFACE A9C LFMC7H ?0'6f>9?6 



SECTin'i c.r,. 


AI.Pw* 

UPSILOM 





-0,44623 -n,42|4> 




ST9fA“3i/»FACE OfCTIOM C.O 

, -0.27009 -0,36659 



Bl iJiL iris 0. 0. 

STAc'<r''r. ixis («»t)iAU) o, o. 
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CDOSO sy3»t« n<»iciN ; « o 




•' - 

st*ce' ‘ 

stator 

NR 72 " 



- .. — . -w- , 


- 



SUUUfi no 2 

section bb 

RHO 6S.5800 


" 

MEahlIRE 

data 


PT 

ALPHA 

lETA* 

Thickness 

upstlon 

1 

.5.74291 

38,760 

o'.,135 34 

• 3’-0B896 

8 

.5.45883 

37.711 

0.80986 

-8.86039 

3 ‘ 

,4,673To 

35.588 

0.35441 

•8.48979 

a 

,4,89607 

35.249 

0',49?67 

• 8’ 03488 

s 

.3,71966 

30,956 

0'.68032 

-1,67262 . .. 

b 

.3.08708 

89.508 

0.74339 

-1,31139- 

1 

.8.39857 

85,958 

0.85558 

-0,9S7-8 

8 

.1.71130 

83,503 

0,91748 

0.'9St,74 

•0,64076 

" ' Q 

.1,08571 

81.105 


io 

.0.34158 

18.708 

1.00178 

■0.11160 

11 

0,3aiao 

16.516 

0.95563 

O.lO'JOl 

18 

1,08265 

13.938 

0'.94290 

0,86883 

13 

1,70224 

11,580 

0,87499 

0,44178 

14 

2,38034 

9.85e 

0,78415 

0,56623 

15 

3.05638 

6.899 

0.67335 

0,66254 

16 

5;73052 

4.561 

0.54681 

0,78995 

17 

4,40234 

8,811 

0.40633 

0.76915 

"18 

5.07196 

-0,153 

0,25973 

0' 78159 

19 

5.68887 

-8.140 

0. 13464 

0.7-7061 


• SURPACE 

cddroinates with ORIGIN’aT 
UPPER 

SECTION AXIS 
UOHFR 

>T ■ ■ 

T/C 

ALPHA 

upsilon 

ALPHA ' UPSILON 


1 

- 2 - 

3 

q 

'S' 

b 

7 

8 " ■ 

9 

10 

11 " 

12 

13 

16 

17 

18 

19 

20 
81 
82 

83 

84 

85 

86 
87 

'88 

29 

30 

31 
38 
35 

34 

35 

36 

37 

38 

39 

40 
4| 

42 

43 

44 


0.01188 
0.0ll28 
0,0ll88 
0.0ll88 
0tOll88 
0.0ll8A 
0.01128 
O.Oll28 
0.02330 
0 . 08 ol<> 
0,03496 

0,04o 56 
0.0459s 
0,05)10 

0,06597 
0,06|4| 
0.06634 
0.07o73 
0.07fl52 
0,07768 
0 , 08 nl 8 

0,08194 

0.08307 

0,0«3“6 
0,09319 

O,08?32 
0.08o9C 
0,07 r94 
0.07644 
0.07348 

0,06498 

0.06595 
0,o6|54 
0,05674 
0.05t5T 
0.04609 

0,04o35 
0.03a3a 
0.02«17 
0.02l87 
0,01656 
0,0ll88 
0,0ll28 
0. oil 88 
CH04n 

13,0086 

4466 6,339816 


•J. 75838 
-5,73963 
•5.73337 
• 5.71808 
-5.67755 
•5.68680 
•5,56048 
-5.47910 
•5.85787 
•4.94204 

•4,78456 
•4,45588 
•4,18416 
•3.9ll?9 
-3.63659 
-3,30489 
-8,96989 
•8.63209 
-?. 89859 
-1.95031 
•1,60565 

•1.25933 

•o,9n?5 

•0.56106 

•0.20986 

0,14334 

0,49657 
0.85045 
1.20466 
1.55875 
1 .91853 
8.26581 

8,61899 

8,97097 

3,38258 

3.67879 

4.08171 

4.36981 

4,71588 

5.05991 

5.34591 

5.56386 

5,60606 

5,02887 


• 3.10815 
• 3.07980 
• 3,04970 
- 3.00889 
• 8.94076 
• 8,66898 
- 8.81944 
‘ - 8,74801 
- 8.53691 
- 2,89840 
- 2,06916 
• 1 ,64766 
- 1.63468 
•1 .4308O 
• 1.23420 
- 1 ,01006 
• 0,79041 
- 0,59919 
- 0,41189 
* 0.83646 
- 0.07336 
0.07789 
0,81590 
0.34871 
0,05756 
0.56066 
0.65861 
0,73349 
0,60586 
0.86810 
0,41039 
0.94848 

0,97670 

0 . 99 S 13 

1,00378 

1,00860 

0.99864 

0.97489 

0,94750 

0.91884 

0 , 07 « 0 C 

0,64766 

0,68956 

0,77061 

STAGceR 

18,624 


•5,73838 

•5 . 71696 

•5.69o»0 

•5‘. 65431 

•5.60708 

•5.55800 

•5.46578 

•5.59506 ■ 

•5.09064 

•4;768i I 

•4,48703 

-4.16775 

•3,69031 

•5,59468 

-3,30077 

•2,95080 

-8.60353 

•8,85845 

•1.91568 

-1.57569 

•1.83608 

-0.90813 

•0.56793 

•0,83566 

0'.o9068 

0.48489 

0,75331 

r.0«l78 

1,40978 

1,73796 

8.06646 

8,39505 

8.78493 

3.05453 

3,38555 

3„7I755 

4,0'50JJ 

5.05958 
5.34806 
5.54456 
5'. 6 on (9 
5,62687 

f AwBFB 
40‘,900 


•3,10815 
•3, 11003 
-3.10883 
-3.09799 
•3.07668 
-3,04586 
-3.00397 
-8.94705 
-8.^6118 
-8.58398 
-8.41505 
•8.85438' 
-8,10155 
-1.95545 
•1 ,61601 
•1 ,65600 
-1,50578 
•I ,36146 
-1.88308 
-1.09083 
-0.96876 
•0,53964 
•0.78081 
•0,60477 
•0,49359 
•0,18659 
-0,88351 
•0,18588 
•0,09096 
•0,00073 
0.08545 
0,16763 
0,84571 
0,31989 
0.38798 
0,45148 
0,50967 
0.56845 
0.60951 
0,65038 
0.67933 
0.69703 
0.31365 
0.77061 


3URF6CE 3HC LF6STK 84'7417S 


SFCTtn’l C ’. C . 

STOf JwTiOFici atCTin*J C , G , 
«L'‘Ot F)(I8 

SfAC^I'.O 4/IS (94!JI»U 

COORO SYSTEM (IRIOIN 


IJP 8 IL 09 
•0,87066 .0,13446 

-0.88346 -0.18879 

0 , 0 , . 

0. O.' - ■ 

I 33,37789 H 0, 




0 

stage 1, 

stator 

NR 72 

SECTION NO 3 

SECTION 

CC 

RHtl 78 



F'EANLINE 

data 


_ PT 

alpha 

ZETAt 

THICKNESS 

UPSTLCN 

f 

.6’, 16630 

3R,38<) 

o’, 15007 

-3133100 

? 

.N.aioaR 

36,252 

0.20052 

-3. Of 160 

3 

;S. 23881 

S5.6RR 

o’. 02 160 

p2'.6IO00 

a 

.a,6?025 

35,066 

o', 50062 

-2‘. 16520 

% 

.U.00208 

31.060 

0,70720 

• l’,70o50 

4 

-3'.32366 

28.538 

0,80056 

-1 .00572 

7 

.2.58371 

25,015 

1,03632 

•1^02067 

« 

•l.RauAS 

23,010 

1.13717 

-0, 6*600 

9 

-1. 1063R 

20.076 

1.10821 

-0. J«063 

10 

,0.36606 

18.55! 

1.21710 ■ 

• 0UlO56 

1 1 

0.36656 

16.101 

1,10826 

0,11070 

12 

I’.iosia 

13.756 

1,10600 

0,30720 

IS 

l.sano 

11.805 

1,06060 

0,07172 

ta 

2.57620 

0.08! 

o.osuni 

0,60033 

IS 

3'.310RO 

6,775 

0,81860 

0.76650 

u 

o.OuoRT 

0,075 

0,66265 

o' 77001 

17 

0.77830 

2,175 

O.aOlOO 

0.R21R6 

18 * 

5,51076 

.0,123 

0. 30032 

0,83000 

19 

6.12076 

•2,030 

0.15016 

0.82558 


SURFACE COORDI^ATES hlTH OHIGlU AT SECTION AXIS 




UPPER 

LOHER 


-pT 

"T/C “■ 

— alpha 

UPSILQN’ ■ 

' ■ alpha 

UPilLON 

I 

D.OMOl 

-6, 15605 

•3,50637 

-6 ’, i5605 

•3,30637 

2 - 

O.OllOl 

•6. 16SPS 

-3.31937 

•6.13822 

•3,35530 

3 

o.ol lOl 

•6,15860 

-3.28116 

•6.10818 

-3.35300 

0 

O.OllOl 

•6.13610 

-3.23089 

• 6 « 06600 

-3,30100 

5 — 

O.OHOt 

•6,0O6O0 

•3.16996 

•6.01 33R 

-3.31725 

6 

O.OllOl 

•6,00036 

-3.09915 

-5.909X2 

-3.P81 18 

7 

O.OllOl 

-S. 06610 

•3.01870 

•5.873X0 

•3,33019 

B 

O.OllOl 

•5.87510 

-2,02772 

•5,78558 

-3.1705a 

0 

0,02563 

•5.65300 

"2.71018 

-5.05375 

•2,07036 

10 

O.OJ255 

•5.36961 

00979 

-5.12363 

-2,78060 

11 - 

0,o3rOo 

•5.08330 

-2,19009 

-0.70505 

•2.60O18 

12 

0,00532 

•0, 79060 

•1 ,OoAao 

-0.06060 

•2.03708 

13 

0,05i0R 

•0,50353 

•1.71199 

-a’.l6630 

•2,27576 

10 ■■ 

0,05735 

•u,2l 005 

• 1 .08550 

-3'.«2538 

-2.12180 

15 

0,06201 

•3.01017 

-1.26903 

-3.506*1 

-1,07563 

— 16 -- 

0,06oOO 

-3.55628 

-1.02238 

-3.12735 

•1 ,*0*83 

17 

e,o7o7o 

•3.10521 

-0.78963 

-2.75103 

•1 ,65030 

18 

0,07667 

•2.B3071 

-0.57075 

-2.37820 

•1 ,09030 

■■ IT 

0,08305 

_-2, 06316 

•0,36600 

-2.008O5 

•1,35502 

20 

0.08751 

•2.09313 

•0,17501 

•1,60112 

-1 ,21616 

21 

0,0Op3l 

•1.72050 

0.00159 

•1.27602 

•1,08102 

■ ■ 22 ■ 

0,00p32 

•1 ,3oub5 

0,16087 

• 0',Olo72 

•0,95211 

23 

0.00300 

•0.06669 

0,31300 

•0,55550 

•0,*263« 

20 

0,00387 

-0.58679 

0,O((90O 

•0, lOflIO 

•0,70033 

■ • 25 

0,00352 

•0.20535 

0,57082 

0. i5TR0 

•0,58611 

26 

0.0O251 

0.17703 

0.67068 

0.51237 

•0,07200 

27 

0.00ftfl7 

0.56100 

0.775RI 

0.86611 

•0,36213 

28 

0.03R62 

O.OaaSS 

■ 0,85900 

r.2l061 

-0.25620 

20 

0,05576 

1 ,32096 

0. 03091 

1,57287 

•6, 15308 

30 

0,08? 53 

1.71335 

0,99039 

1,92583 

-0,65567 

' 31 

0,07b3o 

2,09757 

1,0370a 

2.27895 

0.63855 

32 

0,07383 

2,08110 

1.073BO 

2.63272 

0,12866 

33 

0,06h83 

2.86377 

1.09*51 

2.98703 

0. 21060 

30 

0,06330 

3.20521 

1.11252 

3.303x5 

0,20600 

35 

0,0575(1 

3.62566 

1,11600 

3.76021 

0.37003 

36 

0.05l 30 

(1,00535 

1.1101(1 

0.05788 

0,00657 

37 

0,0Oo82 

0,38350 

1.09367 

0.01760 

0,51307 

38 

0,03*05 

0,75958 

1 ,06770 

0,778X0 

0.57071 

30 

0,0il07 

5,13387 

1.03308 

5. lOloO 

0.63030 

00 

0,0230a 

5.5065? 

0.09013 

5.5«b00 

0,ATOt>8 

01 

0,01703 

5.81567 

0,9(1810 

5,81130 

0,71563 

02 

0.01 160 

6.00690 

0.0129(1 

6,00167 

0.73030 

■ 03 

O.OllOO 

6,006(15 

0,88708 

6.00oi3 

0,76356 

00 

0.01 l80 

6.12076 

0.82358 

6.12076 • 

0,82358 


CHQ^n STAGCER fA“BFR 

16,761 al'.uTi 


AREA lo.ROtETS SURFACE ARC LENGTH ?6’.777<ii) 


SFCTin'. C'.C, 

STMf ApiiiiPr iCt section C.G. 
HlAOE Axis 

STACNl'in AXIS {RACIAL) 


AtPtiA UPAIlPN 

• o‘.?7oj,« . -n.x'Jftjt 

•0,?u«/t6 -O.XUXRO 

0 , 0 , 

0. " 0. 


CnOHO SrSrtM origin I 1J,J776R r o, 


86 



gTAGt t. 8T4TOB 


NR 12 


SECTIU^ NO a 

8CCTIDN 

DD 

RHO 82 

- 


peabline 

• DATA 


PT 

iLPR* 

ZETA« 

Thickness. 

UPSILON 

i 

•6'.01560 

06,199 

o'. 17279 

•o' toflol 

2 

.6,09402 

00.783 

0,27795 

-5,78133 

5 

.5.05239 

01,818 

0',46a69 

• 3'.17612 

a 

.0,61030 

38.700 

0.68160 

• 2'63127 

5 

.0,16850 

35,663 

o' 86283 

•2,10030 

6 

.3.06280 

32.007 

I.B3771 

•1.66733 

1 

-2.69329 

?9,229 

1,19205 

• l',208?7 

0 

.1.92358 

26.202 

1,30193 

•0,80028 

4 

.1.15018 

23,366 

1.36252 

- 0,00880 

10 

.0,38056 

20,096 

1.37219 

-0.13805 

11 

0,38081 

17.631 

1,3u291 

o' 12768 

12 

1,19003 

1 0,802 

1.27917 

0,35153 

13 

1.92382 

12,019 

1,18500 

0,53076 

la 

2.69306 

9,260 

1.05777 

0.67906 

IS 

■■ 3.46286 

6,568 

0,90619 

0^78603 

u 

fl’.23251 

3.360 

0.73307 

0,85730 

IT 

5,00191 

1,162 

o' 50353 

0,89005 

18 

5‘.77155 

-1.535 

0.30309 

0,88790 

19 

6,41266 

.3.772 

0.17197 

0.85607 



SURFACE 

coordinates 

KITH 0RIGI9 

AT section AXIS 

i 



UPPER 

LOHPR 


— PT 

r/c ■ ■ 

■ alpha 

UPSitON 

ALPHA 

* Uf 

1 

0,01257 

•6,40013 

•0,12508 

•6'.a00l3 


2 

0,01257 

-6.41356 

•0,09062 

•6'.3T928 

1 

3 

0,01257 

•6,«113“ 

•0,05065 

•6.34615 

• a , 

4 

0,01257 

-6.39282 

•3.99178 

-6,30137 

-«i 

5' 

0,01257 

•6,35712 

-3. 91688 

-6',2«560 *“■ 

, 

6 

0,01?57 

•6.30307 

-3.83269 

-6,17905 


7 

0,01257 

-6.23163 

-3.73346 

•6,10070 

•^1 

8 

O, 01257 

•6,1 0204 

-3.62036 

•5.99682 


9 

0, 02778 

-5.90508 

•3,33212 

-5.64330 

•3i 

10 

0.03523 

•5.61080 

-2.99656 

•5.29212 

•3, 

— Il- 

■'0.04250 

-5.32186 

-2.67096 

-0.90369 

•3, 

ia 

0, 0495o 

-5.02530 

-2.36718 

-0,59080 


13 

0.05634 

•0,72518 

-2,07008 

-0.25750 


~ia 

0.06272 

-0,02198 

-1 .79559 

-3.91933 

•a, 

15 

0,00876 

-0.11561 

-1.53099 

-3.58029 

-2 

16 

■*■'0,07505 

•3.70356 

-1.23127 

•3,16660 

•? 

17 

0.08105 

•3.36695 

-0.95083 

-2.79356 

•1 

le 

0,08669 

-2,98615 

-0.68936 

-2.00066 

•t 

— -j. 

0,09l 12 

-5,60151 

•0,40603 

•2'.0l961 

•! 

20 

0,09069 

-2.21302 

•0.22153 

•1,63861 


21 

0,09737 

-1.82160 

-0.01005 ■ 

-1.25993 


- 22 

0,09911 

•1.42600 

0,17593 

•0',88563 

-t 

25 

0,69688 

-1.02773 

0,30817 

-0,51060 

•0 

24 

0.09982 

•0.62670 

0,50309 

-0,14590 

• 0 

25 

0,09908 

•0.2201 2 

0.60301 

0,221 1 7 

•0 

26 

0.09769 

0.17977 

0.76710 

0,58698 

-0 

27 

0.09569 

0.58052 

0,87590 

0,95192 

•0 

26 

0,09308 

0,96970 

0.96972 

1,31640 

•0 

29 

0 • 

1.39087 

1 ,00867 

1.68096 

•0 

30 

O. 086 l 0 

1.79937 

1,11330 

2.04616 

•0 

31 

0.09i78 

2.20339 

1.16027 

2.41 180 

0 

32 

0.07696 

2.60705 

1,20173 

2,77787 

0 

33 

0,07i66 

3.00956 

1,22575 

3,10596 

0 

34 

0.06593 

3,41023 

1,23695 

3.51406 

0 

3S 

0,o56S| 

1,80902 

1.23601 

3.00059 

0 

36 

0.06330 

0.20733 

1,22305 

4,25638 

0 

37 

0.04657 

0,60303 

1 ,19809 

4.63037 

0 

38 

0,03950 

0,99593 

1.16219 

5.00716 

0 

39 

0.05233 

5.3»b95 

1,11628 

5,56500 

0 

40 

0 . 02o96 

5.77600 

1 ,05906 

5,76609 

0 

01 

0.01875 

6, 09621 

I ,00375 

6,00568 

0 

02 

0,01251 

6.53287 

0,96003 

6,32220 

0 

43 

0,01251 

6.36737 

0.92906 

6,301?6 

0 

44 

0,01251 

6,41266 

0,05807 

6,01266 

0 


CHOKo 

STAGtiER 

CAmBFR 



13,7170 


21.20? 

oa'.906 



area I3. 116500 

surface arc 

length 28'.70557 




alpha Kpsitni 



SECTIn'l C'.R. 


-0. 37500 «0, 07652 



STREAmS’iwi set SKIIH‘1 C. 

G, • 0,37398 •0.08118 



Hi, sot 8*15 


0. 

9. 



siAcKi'ir, sKia (RtcjsLi 

0. 

0, 



UPJIUON 




,26759 

,15510 

,ca«25 

,115952 

,15767 

,?u999 

,53656 

,91720 

,941U6 

,55«S3 

,61869 

,67188 

,1l6a5 

,79625 

,16555 

,19156 

,65007 


CHORD 3Y5ft" nRlOlN Z 33.57789 R 0. 



APPENDIX C 


BLADE AND VANE AIRFOIL 
MANUFACTURING SECTION 
COORDINATES 


4 


Front Block Fan Stator 2 




stage 2 


stator 


NR 00 


section no 1 

section 

AA 

RHO 63.5000 

- 


p'eanline 

data 


PT 

alpha 

ZETA* 

thickness 

UPSTLON 

1 

-B.SBIRB 

02.607 

0,02908 

18,50100 

a 

,b,3uo7« 

02,380 

0,08278 

18.-57.3-35 

3 

.O.aRB'lb 

02,006 

0.12539 

18.62126 


.<1.03160 

00.312 

0.22688 

10,85007 

s 

.S.bSlBB 

37,898 

0.31365 

• 19.13505 . . 

6 

■ -3.2«31‘l 

30,788 

0.38905 

19,05800 

7 

-2.71730 

31.083 

0.05158 

19.80000 

6 

-2.19130. 

27.020 

0,09209 

20,09622 . 

R 

-1.6650b 

20,030 

0.51780 

20.35323 

10 

-1.13960 

21.019 

0.52767 

20,57097 

It 

•0.03838 

17.057 

0,51508 

20,82215 

12 

0.03807 

12.500 

0.06577 

21.05698 

13 

1.31575 

7,628 

0.38896 

21.21257 

IB 

1,80230 

0,758 

0,33518 

21,27019 . 

' 15 

■ 2.36897 

1.909 

0.27861 

21.30000 

16 

2.89583 

-0.933 

0.22153 

21,30571 

17 

3.02310 

-3.768 

0,16760 

21.28101 

18 ■ ■ 

3,95020 

-6,58<i 

0.12138 

21.23306 

19 

4,12595 

-7.517 

0.11002 

21,21181 

20 

0.38938 

-8,908 

0.09880 

21.17082 


■ surface coordinates with 

ORIGIN AT 

section axis 


UPPER LR«ER 


PT' 

T/C 

ALPHA 

UPSILON 

ALPHA 

UPSILON 

1 

0.00517 

-0.38190 

10.501 00 

-0,38190 

18,50100 

2 

0,00317 

-0.38597 

18,50709 

-0.37606 

18.53673 

3 

0.00517 

-0.30829 

10.55506 

-O.57>055 

18,53359 

0 

0.00517 

-0,38885 

10.56006 

-0,35907 

10,53210 

5 

0.00517 

-0.38756 

10.57039 

-0.50895 

18,53200 

6 

0.00317 

-0,38032 

10.56597 

-0.33706 . 

18,53059 

7 

0,00517 

*0,37907 

18.59072 

-0,52392 

18,53075 

■ '8 

0,00517 

-0,37183 

18,61265 

-0.30908 

10,50006 

9 

O.OO 3 I 7 

-0.36273 

10.62793 

-0.29396 

18.5527? 

10 

0.01371 

-0.33658 

10.66778 

-0.25188 

18.57515 

It 

0.01801 

•0.26228 

18,70301 

-0.15075 

10,63698 

12 

0.02079 

-0.10017 

10,93776 

-3,95801 

18,76'JOO 

13 

0.02987 

-3.90197 

19.10222 

-5.76936 

18.89005 

10 

0.03o28 

-3.77679 

19,25973 

-3.5«368 

19.01225 

15 

0,03799 

-3.60879 

19,00927 

-5,00080 

19,15031 

"lb’ 

0.00255 

-3.35303 

19.61929 

-5,13031 

19.29455 

17 

■ 0,04627 

-3.09001 

19.01023 

-2.86505 

19,05092 

16 

0.04933 

-2.83220 

19.99091 

-2.59858 

19.60820 

19 

O.oSlflO 

-2.56855 

20.16166 

-2.33616 

19,70790 

20 

0,05579 

-2,30333 

20.31562 

-2,07090 

19.07415 

21 

0.05537 

-2.03723 

20.05832 

-1,81072 

20.00260 

'22 

0.05655 

-1.76985 

20,59022 

-1.55582 

20, 1 1063 

23 

0,05731 

-1.50150 

,20.7jl3t 

-1.29789 

20.22761 

20 

0.05762 

-1.23250 

■ 20,82190 

-1 ,04057 

20.33002 

25 

0.05707 

-0,96290 

20.92262 

WO. 78592 

20.02760 

26 

0,05627 

-0.51206 

21.06909 

-0.35760 

20.57702 

27 

0,05n0n 

-0.06015 

21,18962 

0,06758 

20.71182 

28 

0.o5o«3 

0.39201 

21.20507 

0.09255 

20.03057 

29 

0.00691 

0,80309 

21.35650 

0.91021 

20.95303 

30 

0.n0?45 

1 .29555 

' 21.00563 

1.50520 

21.02009 

31 

0.03955 

1.56289 

.21.02515 

. 1.60222 

21.06510 

32 

0.03b5b 

I .85180 

■21.03751 

1.05950 

21.10563 

33 

0.03550 

2.10010 

21.00206 

2,11757 

21.13578 

30 

0,o3o3o 

2 • 36766 

21 , ,03457 

2.37629 

21,16103 

35 

0.02725 

■2.650.39 

.21,05012 

2.63580 

21.18052 

36 

0.02oI6 

2.90027 

2"1 , 0 1 028 

2.84620 

21,19305 

37 

0,02t 16 

5.16500 

21,39255 

5,15730 

21.19893 

38 

0,01829 

5.03010 

21 . 36005 

3.01808 

21.19777 

39 

0.01559 

5,69023 

21,33131 

3.68111 

21.10913 

00 

0.01525 

3.95770 

21.29327 

3.90 395 

21.17271 

01 

0.01?59 

(I,005'l5 

21.27909 

0.03160 

21.1 6506 

02 

O.OlFOt 

0.13319 

21 .. 26633 

0, 1 1928 

21 .15721 

03 

0,01150 

0.22102 

21.25265 

0,20680 

21.10791 

00 

0. 0 1 079 

a . 30800 

21,23200 

0.31311 

21 ,13254 

05 

0.i)1o79 

0.57800 

21 .21051 

0,36791 

21.10089 

06 

0.(llfl79 

0,38930 

21 .17002 

0.38930 

21 . 1 700? 


CHtpMf) 


staggeh 

CAXPFR 



9.1581 


16,711 

■ ■ 51, SH 



IREA 5.U651I 

1 

SURFACE ARC LENGTH 19.00075 





Ul'OILON 



SFCTtflN c.n. 


-0-.61 196 20.51515 



STI'EAii'JIIPf ACl SErilGN 

C.G. -0.59767 20,82033 



III !i|<! A If T9 


0. 




5181 8| If. A/| 

Ii fPADlAl ) 

0. 




COO«I> Sr<ilfM (iHIMU 7 hO.^OSIP B 


u 


HU 


0 


flA .16.07BB 





stage 2. 

STATflft 

NB 99 


section no ? 

SECTION ilH 

RHO_ 71 

.1200 



meanlinc 

DATA 

• •• , 

“ * ■ 

PT 

ALPHA 

ZETA* 

IKICNNESS 

UPSILON 


1 

-9.71867 

90 , 988 

0.03937 

18.55366 


2 

.9,68113 

90,279 

0.10029 

18.58558 


3 

-9, 62979 


0.15390 

t8.6TJ09 


Q 

-9,39279 

38.358 

0.27991 

1P.86?99 


5 

-5.96695 

36.133 

0,38966 

10.19939 


6 

-3.99555 

33.275 

0.98668 

19.97611 


T 

-2.93005 

29.867 

0.56878 

19.82383 


S 

-2.36389 

2b * 64b 

0.62371 

20,12811 


9 

-1,79719 

23.63? 

0,65870 

20.39929 


10 

-1.23010 

20.756 

0.6799J 

20.62599 


1) 

-0.97319- 

16.980 

0.66293 

20,88913 


12 

0.97366 

12.273 

0,60081 

21.13109 


11 

•1.92181 

7.699 

0.50199 

21.39737 


14 

1.99119 

9,908 

0.93071 

31 ,36037 


15 

2.56071 

2,186 

0.35575 

21.39571 


16 

3.13070 

• 0.539 

0.27973 

21.90335 


17 

3.70097 

-3,265 

0.20735 

21,38903 


18 

9.27113 

-5.979 

0.19536 

21.33765 


19 

9.96137 

-6,677 

0. 13998 

21.31619 


20 

9.79697 

-8.219 

0.11991 

-21.27879 



SURFACE 

COORDINATES hJTH ORIGIN AT SECTION AXIS 



UPPER 




PT 

T/C 

ALPHA 

UPSILON 

' ALPHA 

UPSILDN 

1 

0,00399 

•9,7186? 

18,55366 

-9,71887 . 

18,55366 

2 

0.00399 

-9.72357 

18,56198 

-9,71 171 

18.59758 

3 

0.00399 

-9,73691 

18,57100 

•4,70274 

1A,S4338 

4 

0.00399 

-9.72710 

18.58315 

-9.69183 

18,59083 

5 

0.00399 

-9.72555 

18,59980 

-9,67906 

le. 54054 

6 

0.00399 

•4.72165 

18.60889 

-9.66952 

18.59193 

7 

O.OO 399 

-9,71533 

18.63919 

-9,69838 

18,59565 

8 

0.00399 

-9.70661 

I8,6«nrt6 

-9.63031 

18,55197 , 

9 

0.00399 

-9.69565 

18.65903 

•4,6)044 

18.55921 

10 

0.0156? 

-9.67392 

18.69J67 

-9,57961 

18,57971 

It 

0,02l09 

-9.59S36 

18.79398 

-9.96337 

18.63210 

12 

0.02r51 

-9,9?721 

18.97539 

-9,35293 

18,75507 

13 

0.05998 

-9,25398 

19.19716 

•4,04fl04 

18.87678 

19 

0,03969 

-9.07667 

19.31083 

-3.89639 

18,99505 

15 

0.09q09 

-3.89679 

19.96617 

-3,69757 

1^611046 

ie> 

0*04Q54 

-3.63209 

19.6R492 

-3.35936 

19.27696 

17 

0,05908 

- 3.39397 

19.888i5 

-3,06503 

19.93901 

16 

0.05786 

-3.06197 

20,07667 

-3,77662 

19,58216 

19 

0.06099 

r?. 77803 

20.25129 

-2.99U69 

19.72231 

20 

0.06391 

-2.99335 

20.91307 

-2.21252 

19,85063 

21 

0,06590 - 

-2,30997 

20.56311 

-1.93189 


22 

0.06693 

-1 .91632 

30.70190 

-1,65363 

20*0'5765 

23 

0,06800 

-1 .62653 

20.83969 

-1 ,37951 

20,30908 

29 

0.06859 

- 1.33573 ' 

20.99635 

-1.09790 

20.31977 , , 

25 

0.06A4B 

-1 ,09389 

21.05213 

-0.821 39 

20.91536 

26 

0.06720 

-0.55558 

21 .20995 

-0,36313 

20,57169 

27 

0.06960 

-0.06593 

21.32959 

0,09379 

20,71360 

28 

0,06o8R 

0.93386 

31,93707 

0.5509 5 

20,^J40*)6 

29 

0.05619 

0.91398 

,49487 

1 .00785 

20.95360 

30 

0.05i)77 

1.90055 

21.59677 

1.96679 

21,05115 

31 

0,09725 

1 .69329 

21.56989 

1 .79301 

21.10231 

32 

0.0“359 

1 .98327 

21.57517 

3.01989 

31.19736 

33 

0,03983 

2,27359 

21.57790 

2,29753 

21. 18632 

39 

0.03600 

2.56296 

21.57320 

2.57601 

21.21887 

35 

0.03?19 

3,85199 

21 .561 31 

2,85599 

21.29978 

36 

0.o2r31 

3.1 3893 

21,59270 

3.13587 

21,26586 

37 

0,02958 

3.93550 

21.51783 

3.91720 

21,27588 

36 

0 . 02 | 0 n 

3.71127 

21 ,98703 

3.69939 

21.28059 

59 

0.01765 

3.99633 

21.95065 

3.98319 

21.27737 

40 

0, 01979 

9,28089 

21.90961 

9.26558 

21.26535 

41 

0. 01 391 

0. 37550 • 

21,59511 

9.36015 

21,25899 

92 ■ 

• O,0l3l9 

9,97025 

21 , 3P099 

9,95978 

21,25151 

93 

0.0t?60 

9,56997 

21.36590 

4,54*5^6 

21.29277 

44 

0,01167 

9,69767 

2I ,39996 

9,68157 

21.22"60 

95 

O.Ol 167 

9.73336 

21,32977 

9.72186 

2.1. 238 75 . 

2 1.278 7 9 .. ^ . 

46 

n.Ol 167 

9 ,79697 


9.79697 

C>9)Kf) STAr.CFP 

9.8996 • 16.062 

AMtA 9.713899 SUHFACt APC Lf 

CA‘-*fiFR . . 

98.707 ■ . 

Nr.lP 


SECTlnll C.G. 


AlPHA - UP'iILON 

-0,63089 2lL5853t 




section c.g 

. -0.69209 20.50025 



IlL*f)t AXIS 


0. 

21.01802 



SIAfUfir. AXIS (HADIAU 

0, 

20,99869 


CnoRO SYSTEM n«IClN 

7 60,55513 

R 0, 

I'll 0 . 

FTA -I6.0/89 91 



StAGE 2 


3TAT0R 


NH 9R 


section no 5 section CC RHO 76.2000 




NEAI4L1NE 

DATA 


PT 

ALPHA 

ZETA* 

THICKNESS 

UPSILON 

1 

-0,8B625 

02.270 

0.03800 

19. 191100 

2 

-0.8S725 

02,070 

0. 11505 

19.22952 

3 

.0,7B878 

01,762 

0. 17^l6 

19.26205 

Q 

-■4.50622 

00. |H3 

0,32516 

10.53577 

5 

-il.llSRR 

37.9oS 

0,05100 

I9.0q3'^6 

6 

-3.62735 

35.090 


20.21061 

7 

-3.OO0&2 

31.509 

0.66352 

20.60006 

s 

-2,05306 

28.201 

0,73007 

20.937P6 


-1.86500 

25,065 

0.77335 

21.23290 

10 

-1.27608 

22.066 

0.7029J 

21.06955 

M 

-0. 06116 

1 8. 096 

0.77959 

21.77606 

12 

0.09150 

t3.0»3 

0.70933 

22.05113 

13 

1,07062 

8.100 

0.58790 

22.23079 

10 

2.06518 

5.107 

0.50310 

22,30360 

IS 

2.65570 

2.105 

0.01373 

22,30157 

16 

3.2060b 

-0.77O 

0.32515 

22.30920 

17 

3.83690 

-3.753 

0,23761 

22.32550 

IS 

0,02777 

-6,722 

0. 16030 

22,27129 

14 

0.62081 

-7.700 

0,10630 

22.20620 

ao 

0.92015 

-9,168 

0,12856 

22.20217 


SURFACE COORDINATES hITH ORIGIN AT SECTION AXIS 




UPPER 

LOWER 


Pf' 

T/C 

ALPHA 

UPSILON 

ALPHA 

UPSILON 

1 

0,00370 

-0,89625 

19.19000 

-0.89625 

19,19000 

'2 

0,00370 

-0.90225 

19.20327 

-0.88791 

19,18750 

3 

0,00370 

-0,90599 

19,21009 

-0.67758 

19,16261 

0 

0.0037a 

-0.90701 

19,22680 

-0,86075 

19, 17908 

'5 

0.0037a 

-0.90638 

19.20130 

-0.85012 

19,17901 

6 

0.00570 

-0,90279 

19.25700 

-0.83361 

19.18130 

7 

0. 00370 

-0,89657 

19,27516 

-0,81529 

19.18575 

■‘6 

0. 00370 

-0,88770 

19,29006 

-0,79513 

19.19259 

9 

0.00370 

-0,87606 

19,31553 

•0.77293 

19,20165 

10 

0,01721 

-0,85700 

19.30807 

-0.73913 

19,21688 

1 1 

0,02325 

-0,77852 

19,05900 

-0,62131 

19.27976 

12 

0.03157 

•0,60802 

19.66193 

-0,39916 

19,01005 

13 

0.03626 

-0.03120 

19,85301 

-0.16328 

19.50830 

10 

O.OOiiU 

—0 . 25026 

20,03571 

-3.97161 

19.67676 

15 

0.0O909 

-0 . 06535 

20.20905 

-3,78366 

19.80516 

16 

0.05529 

-3.78276 

20.05251 

-3.05707 

19.98720 

17 

0.06005 

-3.09567 

20.67682 

•3,15558 

20,15962 

18 

0.06075 

• 3.20086 

20.68926 

-2.85700 

20.32209 

10 

0.06630 

-2.91099 

21,08068 

-2.56229 

20.07632 

20 

0,07121 

-2,61075 

21.26590 

-2.26957 

20,62108 

21 

0.07357 

-2.31658 

21.03395 

-1,97673 

20.75837 

22 

0,07539 

-2,01679 

21.58915 

-1.68953 

20.88775 

25 

0.07662 

-1.71500 

21.73186 

-I ,00190 

21.01038 

20 

0,07725 

-1,01262 

21.66223 

-1.11570 

21.12682 

25 

0.07720 

-1.10850 

21.90039 

-0,63068 

21.23756 

26 

0.07536 

•0.59900 

22.15068 

-0.35630 

21.01010 

27 

0.07295 

-0.08608 

22,28906 

0,11238 

21,56790 

28 

0,09669 

0,02330 

22.39728 

0,56220 

21 .71022 

29 

0.09332 

0.93030 

22,07508 

1 ,o5?bo 

21.83630 

30 

0.05711 

1,00318 

22,52638 

1.52560 

21.90592 

31 

0,05306 

1,70703 

22.50086 

1 .81037 

22.00357 

32 

0. 00689 

2.05101 

22.55051 

2.09576 

22.0505? 

33 

0. 001156 

2.35308 

22.55500 

2.3«229 

22.09658 

30 

0.0ao20 

2.65056 

22.50803 

2.67019 

22.13562 

35 

0.03576 

2.95055 

22.53290 

2,95919 

22.16566 

36 

O.03|O0 

3.25362 

,22. 51032 - 

3.2O910 

22,18790 

37 

0.02716 

3.55152 

22,08036 

3 . 500 I 8 

22.20173 

38 

0.02310 

3.80818 

22.00358 

3,83251 

22.20696 

39 

0,olo29 

0, 10389 

22,00066 

0,12578 

22.20301 

oo 

0.01599 

0.03899 

22.35262 

0,0l9h7 

22.16959 

01 

O.O1505 

0.53726 

22.33569 

0.51772 

22.16237 

02 

0.01020 

0.63553 

22.31853 

0,61578 

22,17363 

03 

0,01356 

0.73362 

22.30126 

0.71 381 

22. 16326 

00 

0.0l?52 

0,86688 

22.27737 

0.80655 

22. t07l? 

05 

0.01252 

«.90o27 

22,25000 

U,fl9 I 85 

22. 15781 

06 

0,01252 

0.92015 

22.20217 

0.92015 

22,2021 7 


CHOHl) 


stagger 

CARRFP 



10.2668 


17,035 

51.001 



AREA S.TOSOGO SURFACE ABC LFNGtH 2t.«a7II • 


oCCT Il> » 


AUPHA 

UPSILON 



21 .0 39«/| 


SECTION C.O. 

-D*7n<?A? 

21.02010 

RLATaJ avu 


0. 

2> ,92550 

ITAC^‘1 iC, A* j5 

ffiAUi/t 1 

0* 

2t .96268 


/ t.O,5S'il2 K 


FU 


COORD SYSTEM ORIGIN 


0 


0 


FIA -J6.07B# 





stage 2, 

stator 

NR 

SECTION NO « 

SECTION 

DO 

R(lQ fl2 



pfakline 

data 


PT 

alpha 

ZETA. 

thickness 

UPS I LON- 

1 

-S. 02222 

'50.917 

0.00903 

19.95739 

? 

«a,9Al9i 

50,702 

0,iao78 

20.00670 

3 

.'1.92300 

50.566 

0.21206 

20.07822 

A 

.'1.02 361 

06.639 

0.39019 

20,93013 

5 

.a. 22366 

96,130 

0,50335. 

20. 86888 


.3,72333 

B2,561 

0.67657 

2I,356'I9 

7 

-3.12297 

3H.130 

0.79170 

21 .66976 

S 

.2.Sl«9a 

33.903 

0,8b99j 

22.30879 

9 

.1.91632 

30.111 

0.92129 

22,68631 

JO 

-I.3US9 

26.560 

0.93310 

23,00909 

11 

.o.soaoo 

21 .soa 

0.91592 

23.36832 

12 

o.bnS?9 

15,553 

o'. 8 1677 

23.70953 

13 

1 .SlS9to 

9.2Pfi 

0.67026 

23.92735 

la 

' 2.12330 

5.«Al 

0.56920 

20.00312 

IS 

2,73073 

1.797 

0.06937 

20.00021 

16 

3.35A17 

-2.026 

0.36125 

20.00315 

17 

3.9U3S5 

-5.651 

0.26061 

23.99717 

lA ■ 

9.SS2I0 

-9.65a 

0.18321 

23.91709 

19 

J-,76262 

-10.861 

0.16361 

23.87982 

20 

S. 05590 

-12.72? 

0.10019 

23.81200 


SUHPACfc COOKDINATES WITH ORIGIN AT SECTION AXIS 




UPPER 

lower 


■■ PT 

T/C' 

alpha 

upsilon 

alpha 

UPSILON 

1 

O.OOaOS 

-5.02222 

. 19,95739 

-5.02222 „ 

19,95739 

2 

0.00908 

-5.03122 

19.96695 

-5.01106 

19.95050 

3 

0.00908 

-5,03796 

19.97914 

-0. 99779 

19.90632 

It 

o.nOAOfi 

-5.00236 

19.99382 

-9.98252 

19,90496 

5 

0.00908 

-5.00918 

20.01085 

-0.96506 

19.90657 

6 

0.00908 

-5,09323 

20,03006 

-0.99679 

19.95131 

7 

0.00908 

-5,03937 

20.05133 

-0.9266'! 

19.95928 

8 

0.009Q8 

-5,03262 

20.07069 

-9.90996 

19,97000 

9 

0,00908 

*5. 02329 

20.10038 

-'!. 88190 

19,98055 

10 

0.01077 

-5,00360 

20.19816 

-'1.83928 

20.91206 

tl 

'1.02659 

-0,93008 

20.29298 

-0.71120 

20.10830 

12 

0.03635 

-0, 76o72 

20,56990 

-9. 97197 

20.30618 

13 

■ o.o<i9oe 

-0.59332 

20.82150 

-“I. 20175 

20.50110 

10 

0.05n58 

-0.01268 

21 .06603 

. -0.01926 

20.68772 

15 

0,05697 

-0,22603 

21,29633 

-3,80239 

,20.86077 

16 

0.06299 

-3.90122 

21.61737 

-3.08291 

21.11620 

17 

0,06875 

-3.65000 

21.91635 

-3.16900 

21 ,35202 

16 

0.07360 

-3.35260 

22.19931 

-2.86212 

21 .56077 

- "j. 

0.07753 

-3,09081 

22,99872 

-2.56026 

21 .77000 

20 

0.06o79 

-2.79500 

22.68172 

-2.25998 

21 .95769 

21 

0.08359 

-2.03893 

22.8,9777 

-1.96176 

22.13306 

■ 22 

0,OE5«6 

-2.12S21 

23.09639 

-1.66780 

22.29739 

23 

0,03633 

-1,81006 

23.27508 

•1.37726 

22,05276 

29 

0,06697 

-1,09896 

23.93725 

-1 ,08768 

22.59971 

■ 25 

0,06620 

-1.18359 

23,58996 

-<1.79896 

22.73775 

26 

0,089'>1 

-0.65091 

23.79978 

-0.31922 

22.95081 

27 

0.06088 

-0.12229 

23.97300 

0.15597 _ _ 

23. 10620 

■ 28 

O.OT551 

o.oiloo 

20.10668 

0.62899 

23.32089 

29 

0.06911 

0,99699 

20.20102 

1.10236 

23.07172 

30 

0.oo]93 

1 .07685 

20.25993 

1.58027 

25,59924 

31 

0,05730 

1 .79269 

20.27873 

1,86886 

23,66070 

32 

0,05?59 

2.10787 

20,28663 

2.15862 

■23.72101 

35 

0,00777 

2.02038 

20.28361 

2.05080 

23.76910 

50 

0.00?92 

2.72976 

29.27189 

2;70611 

23.80904 

35 

0.03812 

3.03889 

29.25286 

3. O'! 166 

23.80155 

36 

0,03301 

3.30953 

20.2231 1 

. 3.33591 

23,86285 

57. 

0.02889 

3.65728 

20,18002 

3.63265 

23.86976 

38 

0.02".'9 

3.9'-092 

20. 12819 

3.91370 

23.86536 

59 

'l,o2o«5 

0.26367 

29,07165 

0.23563 . 

23,852.76 

00 

0.01696 ■ 

0.56739 

29,00782 

0.53660 

23,82720 

01 

0. 01600 

0.66872 

24.98030 

0.63680 

21.81461 

02 

0.01516 

0177003 

23.95972 

0 .737(19 

23.79950 

05 

0.01006 

9.87116 

23.93029 

0.83752 

23.78!®9 

99 

0.0134" 

.5.0 '12 ',3 

23.90093 

9,96908 

23.75619 

05 

O.Ol 356 

5.09'I5I. 

23.871 13 

5„n2mi 

23,76459 

"6 

0.1,1346 

CH'M'n 

10,7'>0l 

5.ii‘'')9(J 

23.812O0 

stagger 

20,930 

5.05590 

CARHFR 

63.866 

23,81200 


AREA 7,2l««lA SURFACE AFC LENGTH ?J.0?1R5 



alpha 

UP3UC1H 

.SFLTln'l C.G. 



STRF4“5iiM 1 ACE SfCTION C.G, 

57ft 


HLAI'L a /I f, 

0, 

?5,S‘Jftft7 

SlACKi'iG AXIS (RAf, lAl 1 


?i.ftftnfi7 

ClinPO SVSTfH CRp.IM 7 60,55512 R 

n, HU 

FIA *lft,07flq 



APPENDIX C 


BLADE AND VANE AIRFOIL 
MANUFACTURING SECTION 
COORDINATES 


5. Front Block Fan IGV Strut 


94 



AST FRONT BLOCK FAN 


Casing 


STRUT 


f 

" R=83.82 cm 


j 

R= 63 . 5 cm 


R=48.26 cm 


R=30.48 cm 




Axial Distance /V cm 


AST FRONT BLOCK FAN IGV STRUT SECTIONS (CM) 


*SAG* STATOR 0 


section AA radius 30.A80000 R/R 30,480000 


SURFACE COORDINATES WITH ORIGIN AT. •S>. 


PT, 

. T/C 

LOWER Z 

LOWER R-THETA 

UPPER Z 

UPPER R-THETA 

i 

0.022233 

-15.283177 

-0,000000 

-15.283177 

-0.000000 

2 

0,022233 

-15.227117 

-0,154013 

-15.227117 

0,154013 

3 

0,022233 

-15,114998 

-0.228701 

-15,114998 

0.228701 

4 

0.037511 

-14.901097 

-0.286643 

-14,901097 

0,286643 

5 

0.046637 

-14.519018 

-0.356384 

-14,519018 

0.356384 

6 

0,059716 

-13.754859- 

-0.456322 

-13.754859 

0.456322 

7 

0,069609 

-12,990700 

-0.531921 

-12,990700 

0,531921 

8 

0.077512 

-12,226541 

-0,59.2313 

-12.226541 

0.592313 

9 

0.083891 

-11.462383 

-0.641063 

-11.462383 

0.641063 

10 

0.089604 

-10,698224 

-0.684719 

-10.698224 

0.684719 

M 

0.094332 

-9,934065 

-0,720845 

-9.934065 

0.720845 

12 

0,098393 

-9,169906 

-0,751878 

-9,169906 

0,751878 

13 

0,101687 

-8,405747 

-0,777053 

-8.405747 

0.777053 

14 

0.104334 

■ -7,641588 

-0.797281 

-7,641588 

0.797281 

15 

0,106424 

-6,677430 

-0.813252 

-6,877430 

0.813252 

16 

0.108067 

-6.113271 

-0,825803 

-6,113271 

0.825803 

17 

0.109062 

-5.349112 

-0.835407 

-5.349112 

0,833407 

18 

0.109500 

-4.584953 

-0.836754 

-4,584953 

0,836754 

19 

0.109500 

-3.820794 

-0,836754 

-3.820790 

0.836754 

20 

0.109500 

-3.056635 

-0.836754 

-3.056635 

0.836T54 

2t 

0.109500 

-2.292477 

-0.836754 

-2,292477 

0.836754 

22 

0,109500 

-1,986813 

-0,836754 

-1.986813 

0.836754 

25 

0.109500 

-1.833981 

-0.836754 

-1.833981 

■ 0,836754 

24 

0.109500 

-1.681149 

-0,836754 

-1.681149 

0.836754 

25 

0.109500 

-1.528318 

-0,836754 

-1.528318 

0.836754 

26 

0.109500 

-1.375486 

-0,836754 

-1.375466 

0.836754 

27 

0,109500 

-1.222654 

-0,836754 

-1.222654 

0,836754 

23 

0.109500 

-0,916991 

-0,836754 

-0.916991 

0,836754 

29 

0.109500 

-0.836703 

- -0,836754 

-0.836754 

0.836754 

30 

0.109500 

-0.278901 

-0.623664 

-0.278918 

0,623680 

31 

0.109500 

0. 

-0,000000 

0. 

-0.000000 

LE 

RADIUS 0. 

239591 CENTER 

AT Z -15.043585 R-THETA 

-0,000000 

TE 

RADIUS 0. 

836754 CENTER 

AT 2 -0,836754 R-THETA 

-0.000000 


CHORD 

SOLIDITY 

STAGGER CAMBER 


15.283177 

1.276848 

0. 

0. 



AREA 

C.G. Z C, 

g; r-theta 

5.P. Z 

S.P. R-THETA 

21 

.574004 

-6 . 866399 

0. 

15,283177 

- o.ooooop 


SURFACE ARC LENGTH ■ 31.778 
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43T' FRONT block FAN IGV STRUT SECTIONS (CM) 


*SAG* STATOR 0 


SECTION BB RADIUS aS, 260000 R/R 418,260000 


SURFACE COORDINATES WITH ORIGIN AT -S.P. 


PT 

. T/C ■ 

LOWER Z 

LOWER R-THETA 

upper 2 

UPPER R-THETA 

1 

0,023991 

-14.255213 

.-0,000000 ‘ 

-14.255213 

- -0,000000 

2 

0,023991 

■ -14.199055 

-0.158854 

-14,199055 

0,158854 

3 

0,02399,1 

-14.086741 

-0.238290 

-14.086741 

0.238290 

'I 

0.0411588 

-13.898832 

-0.296426 

-13.898832 

0.296426 

5 

0.0S2117 

-13,542452 

-0.371468 

-13.542452 

0.371468 

6 

0,067176 

-12.829691 

-0.478803 

-12.829691 

0.478803 

7 

0.078576 

-12,116931 

-0.560057 

-12,116931 

0.560057 

8 

0,067637 

-1 1.404170 ' 

-0,624643 

-11,404170 

0^624643 

9 

, 0,0950044 

-10,691409 

-0.677153 

-10.691409 

0.67?153 

10 

0.101576 

-9,978649 

-0,723992 

-9,978649 

0.723992 

1 1 

0,107027 

-9.265888 

-0,762844 

-9.265888 

0,762844 

12 

0,111682 

-8,553128 

-0,796025 

-6.55-3128 

0.794025 

13 

0,1 154166 

-7,840367 

-0,822994 

-7.840367 

0,822994 

14| 

0.118551 

■ -7,127606 

-0.844985 

-7,12760’6 

0,844985 

15 

0,120965 

-6,414846 

-0,862193 

-6,414846 

0.86^193 

16 

0.122833 

-5.702085 

-0.875504 

-5.702085 

0.875SO<j 

17 

0.1241002 

-4.989324 

-0.883837 

-4,989324 

0,883837 

18 

0.124500 

-4.276564 

-0.887387 

-4.276564 

0,867387 

19 

0.124500 

-3.563803 

-0.887387 

-3.563803 

0,867387 

20 

0.124500 

-2.851043 

-0.887387 

-2.851043 

0.887387 

21 

0,124500 

-2.138282 

-0.887387 

-2,138282 

0.887387 

22 

0,124500 

-1 ,853178 

-0.887387 

-1 .853178 

0.887387 

23 

0.124500 

-1.710626 

-0.887387 

-1.710626 

0.887387 

244 

0.124500 

• -1 ,568073 

-0,887387 

-1 .568073 

0.887387 

25 

0.124500 

-1 .425521 

-0.887387 

-1.425521 

0.887387 

26 

0.124500 

-1.282969 

-0.887387 

-1,262969 

0,687387 

27 

0,124500 

-1.140417 

-0.887387 

-1,140417 

0,867387 

28 

0.124500 

-1,013875 

-0.887367 

-1.013902 

0.887387 

29 

0.124500 

-0,687533 

-0,087367 

-0,887387 

0,887387 

30 

•0.124500 

-0.295778 

-0.661463 

-0,295796 

0,661419 

31 

0.124500 

0. 

-0,000000 - 

0. 

-0.000000 

LE 

RADIUS 0.252757 CENTER 

AT Z -14,002456 , R-THETA 

-0,000000 

TE 

RADIUS 0,887367 CENTER 

AT Z -0.887367 R-THETA 

-0,000000 


CHORD 

SOLIDITY 

stagger- camber 

lA. 255213 

0.752189 

0, 

0, 



AREA 

C.G. Z C. 

G. R-THETA 

. s.p. z-' 

S.P, R-THETA 

21. 

,252029 

6.403911 

0. 

14,255213 

0,000000 


SURFACE ARC LENGTH 29.80A 
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AST front block FAN IGV STRUT SECTIONS <CM) 


■ *SAG* STATOR O' 


SECTION CC RADIUS 63,500000 R/R '6 3, ,5 0.0 00.0. 


SURFACE COORDINATES WITH ORIGIN AT -S.P. 


FT. 

T/C 

LOWER Z LOWER R-THETA 

UPPER Z UPPER R-THETA 

1 

0,025239 

-13,374101 

-0,000000 

-13,374101 

-0,000000 

2 

0.025239 

-13.318969 

-0.160016 

-13.318969 

0.160016 

3 

0.025239 

-13.208705 

-0.242030 

-13.208705 

0,242030 

0 

0,004861 

-13.039748 

-0.299990 

-15,039748 

0.299990 

5 

0,056615 

-12.705396 

-0.378590 

-12,705396 

0.378590 

6 

0,073402 

-12,036690 

-0,490841 

-12.036690 

0.490841 

7 

0.086117 

-11.367985 

-0.575868 

-11.367985 

0,575868 

6 

■ 0.096182 

-10,699280 

-0.643171 

-10,699280 

0.643171 

9 

0.104414 

•10,030575 

-0,698219 

-10,030575 

0,690219 

io 

0,111732 

-9,361870 

-0.747160 

-9.361070 

0.747160 

n 

0,117815 

-8,693165 

-0.787837 

-8,693.165 

0,787837 

12 

0.122985 

-8.024460 

-0.822407 

-8.024460 

0.822407 

13 

0.127.194 

-7.355755 

-0,850549 

-7,355755 

0,850549 

lA 

0.130668 

-6.687050 

-0.073782 

-6,687050 

0.873782 

15 

0,133366 

-6,018345 

. -0.891626 

•6,01 8345 

0.891826 

16 

0,135426 

-5.349640 

-0.905598 ■ 

-5,349640 

0.905598 

17 

0,136751 

-4,680.935 

-0.914459 

-4,680935 

0,914459 

18 

0,137300 

-4.012230 

-0,918132 

-4.012230 

0.918132 

19 

0.137300 

-3.343525 

-0,918132' 

-3.343525 

0.918132 

20 

0,137300 

-2.674820 

-0,918132 

• -2,674820 

0.910132 

21 

0,137300 

-2.006115 

-0.918132 

-2.006115 

0.918132 

22 

■ 0.137300 

-1 .738633 

-0.918132 

-1.738633 

0.918132 

23 

0.137300 

-1.604892 

-0,918132 

-1.604892 

0.918132 

2a 

0.137300 

-1.471151 

-0.918132 

-1.47U51 

0.918132 

25 

0,137300 

-1.337410 

-0.918132 

-1.337410 

0.918132 

26 

0.137300 

-1. -203669 

-0.918132 

-1.203669 

0.918132 

27 

0.137300 

-1.069928 

-0.918132 • 

-1,069928 

0.918132 

26 

0.137300 

• -0,994002 

-0.918132 

-0,994050 

0.918132 

29 

0.137300 

-0,918076 

-0.918132 

-0.918132 

0.918152 

30 

0.137300 

-0.306025 

-0,684318 

-0,306044 

0,684335 

31 

0.137300 

0. 

-0,000000 

0. 

-0,000000 

LE 

RADIUS 0. 

259784 CENTER 

AT Z -13.114316 R-THETA 

-0,000000 

TE 

RADIUS 0, 

918132 CENTER 

AT Z -0,918132 R-THETA 

-0,000000 


CHORD- 

SOLIDITY 

STAGGER CAMBER 


13. 374101 

0.536329 

0. 

0. 



AREA 

C.G. Z C-. 

G. R-THETA 

■ S,P, z 

S.P. R-THETA 

20 

.555887 

-6.007511 

0. 

13.374101 

0.000000 


SURFACE ARC LENGTH 28.093 
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*sag* stator 0 


AST FRONT 8U0CK FAN IGV STRUT SECTIONS (CM) 

SECTION DD RADIUS 63.820000 R/R 83.820000' 


PT. 

1 

2 

3 

A 

5 

6 

7 

8 
9 

10 

11 

12 

13 

lA 

15 

16 

17 

18 

19 

20 
21 
22 
23 
2A 

25 

26 

27 

28 

29 

30 

31 


SURFACE COORDINATES WITH ORIGIN AT ' S 


T/C 

lower z 

0.026557 

-12,199280 

0.026557 

-12.106875 

0.026557 

-12.002055 

0.008905 

-11.890302 

0.062378 

-n. 589320 

0.081523 

-10.979356 

0,096037 

-10,369392 

0,107062 

•9,759028 

0.116881 

-9.109063 

0,125218 

-8.539099 

0.132166 

•7,929535 

0,138030 

-7.319571 

0,102820 

-6,709606 

0.106830 

-6,099602 

0,109922 

-5.089678 

0,152238 

-0.879710 

0.155782 

-0,269750 

0,150000 

-3.659785 

0,154000 

-3.009821 

0,154000 

-2.039857 

0,150000 

-1.829893 

0.150000 

-1.585907 

0,154000 

-1, 063910 

0,154000 

-1.301921 

0,154000 

*1.219929 

0,150000 

-1.097936 

0.150000 

-0.975903 

0,154000 

-0.958835 

0,150000 

-0,901727 

0,150000 

-0,313909 

0,150000 

0. 


LOWER R-THETA 

UPPER Z 

-0,000000 

-12.199280 

-0.157658 

-12.106875 

-0.241013 

-12.002055 

-0.298506 

-11.890302 

-0.380081 

-11.589320 

-0.097262 

-10.979356 

-0.585790 

-10.369392 

-0.655082 

-9,759028 

-0.712931 

-9,109063 

-0,763787 

-8.539099 

-0.806168 

-7,929535 

-0.801956 

•7.319571 

-0.87] 151 

•6,709606 

-0,895637 

•6,099602 

-0.910073 

-5.089678 

-0.928600 

-0,879710 

-0,938016 

-0.269750 

-0.941785 

-3.659785 

-0.941785 

-3,009821 

-0.941785 

-2.039857 

-0,941785 

-1.829893 

-0.941785 

-1.585907 

-0,941785 

-1,063910 

-0,941785 

■ -1 .301921 

-0.941765 

•1.219929 

-0.901785 

-1,097936 

-0.941785 

-0,975903 

-0.901785 

-0.958860 

-0.901785 

•0,901785 

-0.701908 

-0.313928 

-0.000000 

0. 


UPPER R-THETA 

- 0,000000 

0.157658 

0.2A1013 

0,2985«6 

0,380A8l 

0.A97262 

0.585790 

0.655aS2 

0,712931 

0.763787 

0.806168 

0.8A1956 

0.871151 

0.895637 

0.91AA73 

0.928600 

0,938018 

0.9A178S 

0.9A178S 

0.9A1785 

0.9A1785 

0,9A1785 

0.9A1785 

Q,9A1785 

0.9ai785 

0,gai785 

0,901785 

0.901785 

0,901785 

0,701965 

- 0,000000 


LE RADIUS 0,263337 

TE RADIUS 0,901785 


CENTER AT Z -11,935908 
CENTER AT 1 -0.901785 


R-THETA -0,000000 
R-THETA -0,000000 


CHORD 

SOLIDITY 

stagger 

camber 

12.199285 

0.370619 

0. 


0. 

AREA 

C.G. Z C 

,G. R-THETA 

8.P, Z 

S.P, r-theta 

19,101828 

-5.079087 

0. 

12.199200 

O.OOOOOO 


SURFACE 

ARC LENGTH 

25.787 



99 



APPENDIX C 


BLADE AND VANE AIRFOIL 
MANUFACTURING. SECTION 
COORDINATES 


6, Front Block Fan IGV Flap 



AST FRONT BLOCK FAN I GV FLAP 


*SAG* STATOR 3 


NB 16 SECTION AA 


RADIUS 30.48033 R/R 30.483000 


SURFACE COORDINATES WITH ORIGIN AT S.P. 


PT. 

T/C 

1 

0, 

,2 

0.041091 

3 

- 0.056715 

4 

0.0771 30 

5 

0.091 1 40 

6 

0.101608 

■ 7 

0.11 6008 

8 

0.1245 23 

9 . 

0.128950 

13 

0.130200 

11 

0.1261 95 

12 

0.11 5714 

13 

0.100837 

14 

0.082315 

15 

0.061132 

16 

0.036977 

17 

0.0265 38 

1 3 

0.023304 

1? 

•0.0211 77 

23 

0.01 8443 

21 

0.01 5686 

22 

0.01 0076 

23 

0.010076 

24 

0.01 0076 


LOWER Z 

LOWER R-THETA 

-0,660400 

-0,057777 

-0.471559 

. -0.314699 

-0.297431 

-0.403435 

0.044564 

-0.509370 

0.382858 

-0.573000 ■ 

0.7191 07 

-0.61 3242 

1 .387827 

-0.650563 

2.053146 

-0.649019 

2.716104 

-0,620476 

3.377226 

-0.570953 - 

4.695713 

-0.428956 

6.0.10457 

-0.244177 . 

7,322661 

-0.030376 

8.632759 

0.207501 

9.941320 

0.462948 

1 1.248164 

0.738023 

1 1.770453 

0. 853181 

1 1.900955 

0.882793 

1 2.03151 6 

0.911695 

1 2,162016 

0.941307 

1 2.292503 

0, 971069 

1 2.488314 

1.01 61 21 

.1 2.530324 

1.042135 

1 2,547600 

1.097772 


UPPER Z 

UPPER R-THETA 

-0.660400 

-0.057777 

-0.51 9041 

0.228033 

-0.352969 

0.345658 

-3 .044564 

0.50.9370 

0.277542 

0.630777 

0.601693 

0. 728797 

1 .25 3773 

0.881 673 

1 .90 9254 

0,995684 

2,557096 

1.082696 

3.22 6774 

1.148728 

4,54'98B7 

1.237841 

5;876743 

1.2841 72 

7.206139 

1.301 480 

8.53 7641 

1,294714 

9.870680 

1.270376 

1 1 ,20 5436 

1.225412 

11.739787 

1.205697 

11 .873447 

1.1971 96 

12.007044 

1.191405 

12 .1,40704 

1,184904 

12.274377 

1-178253 

12.47 5036 

1.167889 

12.520926 

1-149564 

12.54(7600 

1.097772 


LE RADIUS 
TE RADIUS 

CHORD 

1 3.258452 

AREA 

15.937597 


0.- CENTER AT Z -0.660400 

0.076929 CENTER AT Z 12.470964 


fi-THETA -0.057777 
R-THETA 1,091367 


SOLIDITY STAGGER 

1.107690 5,000000 

C.G. Z C.G. R-THETA S.P. Z 

5.006214 .0.437987 .0.663400 

SURFACE AR.C LENGTH 27.158 


CAMBER 

0 . 

S.P. R-THETA 
0.057777 


THROAT 

13.213028 


NL 

9 


NU 

10 


SPACING 
1 1.969458 


AT/S 

0.853257 
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AST FRONT BLOCK FAN I 6V FLAP *SAG* STATOR 0 

MB 16’’" SECTION 8B RADIUS A8.260D3, R/R 48.260000 


SURFACE COORDINATES WITH ORIGIN AT ' S.P. 


PT. 

T/C 

LOWER 2 

LOWER R-THETA 

UPPER 2 

UPPER R-THETA 

1 

D. 

-0.838617 

-0.073369 

-0,838617 

-0.073369 

2 

0.036357 

-0.602288 

-0. 359924 

-0.65.5638 

0.249870 

3 

0.0501 81 

-0.382491 

-0.45751 2 

-0.45 6126 

0-3841 43 

4 

0.068244 

0.050071 

-0.57231 0 

-0.05-0071 

0.572310 

5 

0.080640 

0.478473 

-0.639576 

0.360143 

0.712945 

6 

0.089902 

0.904577 

-0.680564 

0.772656 

0.827303 

7 

0.1 02643 

1,752542 

-0.714044 

1.601925 

1.007522 

S 

0.1101 77 

2. 596686 

-0,703857 

2.43 501 4 

1.144073 

9 

0.11 4094 

3.4381 77, 

-0.663334 

3.270757 

1.250290 

11. 

-■ ,0.11520.0. 

.. . 4,2776.05 

-0.59923.9 

4.108562 

1.332934 

11 

0.111 636 

5.952224 

-0,42261 5 

5.78841 0 

1,449787 

12 

0. 102278 

7,622591 

-0.197392 

7.47251 0 

1.51 8041 

13 

0.089010 

9.290089 

0.060615 

9,15 9478 

1.553512 

U 

0.072516 

1 0,955221 

0.345672 

10. 84 '881 2 

1.561 933 

15 

0.053493 

1 2,618497 

0.651941 

12.540003 

1.549141 

16 

0.031910 

1 4.279896 

0.979674 

14.233071 

1.514886 

17 

0.022604 

1 4,943961 

1 .11 641 3 

14 .91 0792 

1.495539 

18 

0.0201 85 

1 5.109910 

1 .1 51374 

15.030291 

1.489925 

1? 

0.01 7791 

1 5.275877 

1.1861 26 

15.249770 

1.484521 

20 

0,01 5372 

1*5.441 825 

1.221088 

15.41 9269 

1.478907 

21 

0.01 2862 

1 5,607707 

1 .256806 

15 .588833 

1.472537 

23 

0.007864 

1 5.874803 

1.31 4366 

15.851867 

1 .462231 

23 

0.007864 

1 5.91 6529 

1.339463 

15.90731 7 

1.444762 

24 

0.007864 

1 5.933717 

1.39401 9 

15.933717 

1.394019 

LE 

RADIUS 0. 

CENTER 

AT 2 -0.838617 R-THETA 

-0.0733'69 

TE 

RADIUS 0.074776 CENTER 

AT 2 15.859225 R-THETA 

1 .387502 


CHORD 

SOLIDITY 

STAGGER 

CAMBER 

1 6.836401 

0.888387 

5.000000 0. 



AREA 

C.G . 2 C. 

G.- R-THETA 

S.P.* 2 

S.P. R-XHETA 

22. 

667250 

6.336416 

0. 554364 

0.838617 

0.075369 


SURFACE ARC LENGTH 34.529 


THROAT 

NL 

NU 

SPACING 

AT/S 

16.968622 

9 

10 

1.8.951642 

0,895364 
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AS.T FRONT BLOCK FAN 1 GV FLAP 
MB 16 SECTION CC 


*SAG* • STATOR 


RADIUS 63.50000 


R/R 63,500000 


SURFACE COORDINATES WITH ORIGIN AT ' S.P 


PT 

. T/C 

LOWER Z 

LOWER R-THETA 

UPPER Z 

UPPER R-THETA 

1 

0.- 

-0.991374 

-0,086734 

-0 .■99137 4 

-0.086734 

? 

0.032254 

-0.715555 

-0.38481 1 

-0.771506 

0.254710 

3 

0,0445 1S 

-0.457074 

-0,484710 

-0.554299 

■ 0.397976 

4 

0,060543 

0.052512 

-0,600210 

-0,05 251 2 

0.63021 0 

5 

0, 071 5 40 

0.557736 

-0.66 5862 

3.433637 

0,752596 

6 

0,079757 

1.060550 

' -0.703955 

0.92 2198 

0^877423 

7 

0.091060 

2.061728 

-0.729279 

1.933768 

1.076215 

8 

0.097744 

3.058899 

-0.708807- 

2.889344 

1 .229211 

9 

0.101 219 

4,053286 

-0.656522 

3.877704 

1,350393 

1J 

.Q..102203 

. 5.045511 

10.579514 . 

4.86 822.7 

1.446854 

11 

. 0.099022 

7-.025503 

-0.374545 

6.85.3731 

1.588820 

12 

0.090656. 

9,000994 

-0.11 8133 

8.843735 

1,679544 

13 

0.078805 

10,973463 

0. 172820 

10.836761 

1.735326 

1 4 

0.064093' 

■ 1 2.943450 

0.492143 

1 2.832270 

1,762940 

15 

0.047003 

1 4.911375 

0.835032 

14.8? 9839 

.1.765986 

1 6 

0.027696 

1 6,877377 

1,199904 

16.82 9333 

1.749050 

17 

0.01 9387 

1 7.663269 

1.351667 

17.629639 

1.736061 

13 

0.01 7241 

1 7.859682 

1.390291 

17.829775 

1.732131 

19 

0.01 5063 

1 8,056069 

1.429223 

18.029938 

1.727892 

23 

0.01 2917 

1 8.252482 

1.46784 7' 

18.230075 

1.723962 

21 

0.010638 

1 8.448779 

1,507792 

18.430326 

1.718710 

2? 

0.0061 76 

1 8.781 236 

1.574987 

18.759401 

1,713266 

23 

0.0061 76 

18.820079 

1.597736 

18,8M604 

1,694609 

2 ’4 

0.0061 76 

18.836102 

1 .647945 

18.8.36102 

1.647945 

LE 

RADIUS 0. 

CENTER 

AT Z -0.991374 R-THETA 

-0.086734 

TE 

RADIUS 0,068286 CENTER' AT Z 18.768076 R-THETA 

1 .641993 


CHORD 

SOLIDITY 

STAGGER 

CAMBER 

19.903214 

0.7981 60 

5.000000 0. 



ARE'A 

C.G. Z C. 

G. R-THETA 

S.P.- Z 

S.P. R-THETA 

28. 

,025800 

7. 469378 

0.653486 

0.-991 374 

0.085734 



SURFACE 

ARC LENGTH 40 

.434 



THROAT 

NL 

NU 

SPACING 

AT/S 

,839727 

10 

11 

24.936371 

0.915920 



AST FRONT, BLOCK FAN I GV FLAP 


*SAG* STATOR 3 


VB 16 - SECTION OD RADIUS 83-82033 R/R 83.823300 


SURFACE COORDINATES WITH ORIGIN AT S.P, 


PT 

. T/C 

LOWER Z 

LOWER R-THETA 

UPPER Z 

UPPER R-THETA 

1 

0. 

-1.195050 

-0.-104553 

-1 .1? 5050 

-0,104553 

? 

0.026326 

-0.868240 

-0.398999 

-0.924335 

0.242169 

5 

0.037D26 

-0,558813 

-0.494756 

-0.636237 

0.390203 

A 

0.05035A 

0.052647 

-0.601755 

-0.052647 

0.601755 

5 

0.059500 

0.659734 

-0.658778 

0.53 531 6 

0.763331 

6 

0.06633A 

1.264404 

-0.688171 

1.125696 

0.897278 

7 

0.075735 

2.469283 

■ -0. 695965 

2.31 091 7 

1.114178 

8 

0.08129A 

3,6701 46 

-0.657844 

3.500154 

1 .2851 64 

9 

0.08 A1 8A 

4.86821 7 

-0.587828 

4.692183 

1.424254 

10 

. 0.085000 

6.0641 20 

-0.493026 

5.886380 

1.538559 

11 

0.082340 

8.451439 

-0.252125 

8.279261 

1.715871 

12 

0.075310 

1 0.834189 

0.040987 

10.67671 1 

1.840972 

13 

0.065365 

1 3.213891 

0.368942 

13.077209 

1.931231 

1 A 

0.O53DA0 

1 5.591105 

0. 725338 

15.43 0195 

1.993047 

15 

0.038593 

1 7.966097 

1.107129 

17.385403 

2.029469 

16 

0.022355 

20.339223 

1.51 0252 

20.292477 

2.044559 

17 

■ 0.01 5385 

21.287976 

1.677190 

21 .25580-4 

2.044907 

13 

0.01 3600 

21.525119 

1.71 9432 

21 .496681 

2.044486 

19 

0.311730 

21.762174 

1.762690 

21 -737646 

2.043049 

20 

0.009945 

21.999318 

1.804933 

21 .978522 

2.042628 

21 

0.007990 

22.236284 

1.849207 

22.21 9576 

2.040176 

22 

0.004250 

22.660248 

1.927074 

22.65 0620 

2-037121 

25 

0. 004250 

22,692585 

1.945341 

22.63 5637 

2.024746 

2A 

0.00 42 50 

22.705950 

1.98651 2 

22.70 5950 

1.986512 

LE 

RADIUS 0. 

CENTER 

AT Z -1.195050 R-THETA 

-0.104553 

TE 

RADIUS 0.055435 CENTER 

AT Z 22.650725 R-THETA 

1.981685 


CHORD 

SOLIDITY 

stagger 

CAMBER 


23.992298 

0,728894 

5.000000 0. 



AREA 

C.G. Z C, 

G. R-THETA 

S.P. Z 

S.P- R-THETA 

33 

.746803 

8.969505 

0. 784730 

1.195 050 

0,104553 



SURFACE 

ARC LENGTH 48 

.526 



THROAT 

NL 

NU 

SPACING 

AT/S 

30.786906 

10 

11 

32.916009 

0.935317 
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APPENDIX C 


BLADE AND VANE AIRFOIL 
MANUFACTURING SECTION 
COORDINATES 


7. Rear Block Fan Rotor 


105 



106 


REAR BLOCK FAN ROTOR 


R i 


Blade 



40 

1,51 

1.66 


Hub SL 10 


guct « 


fiOTOR 


hB RO 


section no 


section h 


RHO 6»',<»<>S0 




peanline 

data 

■ - ‘ 

PT 

alpha 

ZETA* 

THICKNESS 

UPStLON 

1 

.1.7(1066 

57,659 

0',06501 

SlTflOPO 

2 

.S.5SR07 

57,196 

0.09202 

sJoRSU 

i 

-3.18139 

Se,00« 

O'. 19 779 

9,91618 

a 

.2.00768 

55.152 

0,20090 

9,36705 

s 

.2,ai225 

55,9(11 

0.29975 

3,8291 1 

6 

.2.01951 

56,298 

' 0‘,298U6 

3^21760 

T 

-1.56991 

57.590 

0.39J27 

2,52797 

8 

-1.12070 

50.602 

0.37796 

1,80552 

9 

.0.67257 

59,206 

O',90l27 

1,059J9 

lO 

.0.22517 

58.097 

0',«t259 

0, 11 1 1 9 

11 

0.2P119 

50,097 

0.91106 

•0.91 757 

U 

0.66672 

57.263 

0,39756 

•lll2|28 

n 

1.11079 

56,859 

0.57297 

•1,80550 

IR 

1.55157 

56,090 

0.33609 

•2,98335 

“ IS 

1.905C7 

57,166 

0‘.29l9J 

-1^6392 - 

16 

2.R1559 

57,960 

0.23926 . 

•3^80970 

IT 

2.071129 

57,697 

o', 10069 

•9^51968 

■ 18 

3. 31150 

57.901 

0.11022 

•5.23203 

19 

3,67955 

58.078 

0.06972 

•5‘.6I3U 


SURFACE COORDINATES MTH ORIGIN AT ‘SECT ION ' AXIS 




upper 

LCkFR 


PT 

T/c 

ALPHA 

upsilon 

"alpha” 

■ IIPSILON 

1 

O,00o72 

•3.79606 

5.70020 

-3.79606 

5,f0O2O 

2 

■ 0,oO(|72 

•3,75220 

5.77197 

•3,73666 

“ 5.f8128 

3 

0,00972 

•3.75262 

5.75526 

•3.72109 

5,77956 

« 

0,00072 

•3.797J6 

5.73190 

-3'.703l 1 

5,75971 

■ 5 

'0.00672 

•1.71581 

5.70189 

; -3.60099 " 

5,TS6'32" 

6 

O.OOcT? 

•3,71757 

5.66532 

•3.6'=579 

5.T0916 

7 

0,06972 

-1.69301 

5,62210 

-3.62707 

5.66153 

8 

■ " 0.00672 

-3.60019 

5.9b358 

-3.52295 

'5,51369 ■ 

9 

0.00070 

•3.92577 

5,17139 

•1.3250! 

5.23736 

10 

... 

0 . 0 lft 66 

•3.25109 

9,00535 

-3.129U1 

9,96738 


0.01258 

-3.07616 

9.60990 

•2.93527 

9.T0230 " 

12 

0,01995 

-2.90102 

9,32719 

•2.71735 

. 9,99022 

13 

O.OU26 

-2.72566 

9.05179 

-2.59163 

9,17910 

■■ 19 

' O.OI 0 JO 

•2.55008 

3.77670 

-2.19619'''' 

3.91795' 

15 

0,01665 

-2,37920 

1.50067 

• 2 . 1 5000 

3,65330 

16 

0,02i52 

•2.16290 

3.16569 

•1,01609 

3,33055 

1 7 

0,02323 

-1.95113 

2.82910 

-1 .60396 

2.09913 

16 

0.02970 

-1.73093 

2.97512 

-1,«50A7 

?, 65851 
2,30069 


0,026l9 

• 1 .52973 

2.11036 

-1.21929 

20 

0,02712 

•1,10987 

1 .75995 

•0.90006 

1 ,9503a 

21 

O.O 20 IO 

• 1 .OOJ66 

1.10919 

-0,75978 

1,58979 

(.21969 

' 22 

0.02606 

•0.67507 

1,00902 

•0,51229 

23 

0,02961 

-0.65691 

0.63932 

-0.10695, 

0,89312 

2 f 

0.0269T 

•0.93529 

0.26071 

-O.O023l' 

0,97317 

25 

O.OlnOl 

•0.21252 

-0,10003 

o’, 19021 

0.10796 

26 

0 , 02690 

0.01166 

-0,97036 

0,36131 

•0,25318 

27 

0,02655 

0.23716 

-0.02577 

0.5011 0 

•0,60097 

28 

0,o2r96 

0,96302 

-1 ,17959 

0,79973 

•0,05913 

29 

0,02021 

0.69153 

-1 ,'>1759 

1,01 730 

•) .30620 

30 

0,02723 

0.92019 

-1.85627 

1.23197 

■I ,65191 

3i 

0,02609 

1 , 19666 

-2, 19269 

1,09979 

•1 ,90690 

32 

O,O2ub0 

1 .30000 

-2.52022 

1,66960 

•2,39267 

33 

0.02SI3 

1 .61 1 J3 

-2,06930 

1,07053 

•2,69002 

30 

0,02|93 

1.89379 

•3.201 »5 

2,09151 

•3,091 30 

35 

0,01650 

2,07692 

-3,53970 

2.30361 

-3,30909 

36 

0,01t59 

2.'31 090 

•3,07096 

2,51902 

■3,79907 

37 

0,01599 

. 2,59560 

•9,22070 

2. 12550 

• 9 , 10620 

38 

0,01329 

2.70093 

•9.56322 

2.93595 

•9.96531 

3^ 

o.ohoi 

3.01675 

•9,90679 

1.19992 

•9, *2503 

<iO 

0.00067 

3.25291 

-5.25167 

3. 35909 

•5,10019 

oi 

0,0O6?0 

3,99669 

•5,59056 

3.52008 

• 5,9917(1 

92 

O.OUyTo 

3.62090 

-5.00399 

3, 68595 - 

•5,^6787 

93 

0, OOrTo 

5.69769 

•5.81705 

3.60978 

-5,79086 


0.00670 

CHflRo 

11.765} 

3.67655 

-5,01311 

STAG0EH 

57.372 

3,67055 

CAW0ER 

• o'. 15« 

•5.01311 


area T,<)^.^378. surface ASf EFNCIf 'al'tOlST 


<l IVA 

SECTIf-J C.r., 

STPf Si/.T-iiirtC(. StCtloN C.c. c.- 

BEtnu Avis 0. 

3tAtxr<r, AXIS (RAiTJAL) 0. 


cnu»D av3t£« origin z l^F.sal?6 r 


'■r-sti CN 

R.0219? 

6. 

«. 
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»TiC£ a 


ROTOR 


NR UO 


SECTION RO 2 section BB RHO ■ SO.BOCIO 




reanune 

data 



PT 

*LPH4- 

ZETA* 

Thickness ‘ 

UPSTLdN 


1- 

.0,36259 

56.151 

o'. 1 I960 

sUtlPO 


? 

.0,15623 

55,219 

0,16727 

5,10263 


» 

.3‘,7093o 

53.051 

0 . 26105 

0.0775* 


i 

.5,25958 

52.310 

0,15229 

3, 86070 


5 

.2.60930 

51.913 

0,03700 

3,30706 


" ' h 

.2'.31357 

51.835 

0.52183 

2,67690 


7 

.1.77235 

51.721 

0,60011 

1 96869 


g 

.1.23077 

51.357 

0,66130 

1,30650 


9 

,0,66697 

50.516 

0,70332 

0,65765 


10 

.0,10720 

U9.0B5 

0,72.055 

•o^ofiuai 


n 

0. 39026 

U7.572 

0.72032 

•0,61106 


“ r 12 

0.95550 

U5,86a 

0.70260 

-1,16277 


13 

r,M76Si 

U5.050 

0,66035 

-!, 73102 


la 

2.01686 

OB.695 

0.59699 

•2.27059 


- - |i$ 

2’. 556 32 

US.099 

0,52077 

-2* 60965 


\h 

3,09096 

05,371 

0.02608 

-3,36270 


J7 

3,63200 

05,603 

o' 32558 

-3,69906 


18 

0.16610 

05.616 

0,21511 

-0,00867 


19 

0,61355 

06,005 

Oll2o56 

•0.90658 




SURFACE 

CQOBCINATES hITK ORIGIN AT 

section axis 




UPPER 


lower 


- — p^- - 

T/r' ■ " 

■ 'AEPHA ■ 

UP8H.0K' ■■ 

"ALPHA ■" 

UPSILON 

1 

Ot00o73 

.0,36259 

5.93120 

-o'. 38259 

5,03129 

..._2 - 

6.08675 

-o,39?u7 

5.01061 

•9,36302 

5.93909 

J 

0,00673 

.0,39?66 

5,38006 

•9.33539 

5.02268 

4 

0.00675 

-4,36225 

5,30105 

-9.29936 

5.59702 

_ — — 

0,00*75 

»3b004 

5,26630 

-9.?5632 

5.35586 

6 

0.00673 

-0.32510 

5,21950 

•9.20678 

5.79905 

7 

0,00675 

-0,27663 

5.10068 


5.22722 

B- 

0.0l?2l 

-0,22619 

5.0S026 

•9.06697 

5.19983 

9 

0, 01568 

-0.02003 

0.72120 

-3.69553 

9,69655 

to 

O.OlolO 

-3.61500 

0,39770 

-3.60271 

9,55351 

— J1 - 

0,02?06 

.5.80509 

0,08295 

-3.3609S 

9,26919 

12 

0.02575 

- 5.39755 

5,77098 

-1.11659 

5.90061 

13 

0.02689 

-3.16922 

3.07158 

•2,87711 

3.7i529 

— r,o - 

0.03i95 

-2.98000 

3.17107 

•? • 6^606 

3 .OOI 06 

15 

0,03«8? 

-2.77160 

2.87209 

*2,39568 

5,16681 

■■ Ifc 

0.03606 

•?, 51861 

2,51068 

-2.10639 

2.83717 

IT 

O.oOtOT 

-2.26073 

2.15871 

•1.82296 

2,50686 

16 

0,00577 

-2.00910 

1,80052 

-1,53627 

2.17629 

- - ,q 

o.nOfciT 

-1.75166 

1.05270 

-1.25599 

1 ,69602 

20 

0.0«623 

-l,09?o9 

1,10005 

-0,97579 

1 .51666 

21 

0, 00990 

• 1 ,2301 3 

0,75906 

•0,69707 

1,1900) 

... - 

O.OSt29 

•0.96506 

n . 02008 

-0.92266 

0,66795 

23 

0.05?27 

-o,69eis 

0.08912 

-o.l5ou2 

0. 55079 

20 

0,o5?85 

•O.“2820 

•0.23117 

0.11909 

0, 20097 

25 

0,05305 

•0.15587 

•0,50528 

0‘,3fi669 

•0,06135 

26 

0,o5?86 

0.11873 

•O. 8066 I 

0,65200 

-0,35618 

27 

0,o5?26 

0,3951 1 

•1.1368! 

0'.9I539 

•0.69917 

26 

0.05)31 

0,67267 

-1,01660 

r. 17 760 

•0,92729 

29 

0,0“o97 

0.95126 

•1,65835 

1,o3B78 

•1.20737 

30 

0.0O626 

1.23070 

- 1,95130 

1 .69906 

-1.96620 

31 

0.00621 

1.51126 

21373 

r.9S858 

•1.76551 

32 

0,00382 

1.79273 

-2.07116 

2.21662 

-2.00572 

53 

O.flO) 12 

2.07SO2 

-2,72700 

2,97369 

-2.52625 

■ 30 

0.03a15 

2.35958 

-2,96222 

2,72951 

-2.61321 

35 

O.o3a89 

?^baiiS^ 

-3,23706 

2.98006 

• P,Q007<1 

36 

0.03i<li 

2.93100 

- 5.09500 

3.21736 

•5.19062 

37 

0,1)277? 

3.21960 

•3,70690 

3'.o6955 

-5,06261 

38 

0.02366 

5.50716 

«u .00^24 

3.79079 


39 

O.oloRo 

3.79603 

-0,26205 

3.09)60 

-0.07190 

■ 00 

0.01576 

0.06628 

-o,5i9«6 

9.2“121 

-0.56891 

01 

0,01?29 

0,32615 

-O.T3062 

0,099)5 

-0.61701 

02 

O.OOsRO 

0.52523 

-0.91032 

' 9.61635 

-0,62056 

03 

O.flOoRo 

u 1 ^^S06 

-0.92676 

9.63357 

-<1.06150 

44. 

O.OOpbo 

0,61 555 

-0,90658 

9.61355 

■0.90658 


CHQOn 

STir.r.TR 

CAOBFP 



13.7056 

08 

.972 

10.190 


*PCi f,. 905326 

surface arc LFNCTh 27‘.601A5 




ALP"4 

upsii.nu 



sfCTin'i c.;-. 


•0.00976 

-0.00296 



ST«f Aw5iianCt 

sECtio'. C.r., 

0. 

8 . 



l3L0i!fc 4<I5 


0. 




STAC^T'ir. 4713 

(RACtiU 

0. 

9. 



CmB[> SySTfw nHIKIH ; R 0, 


108 



jTAgE ■ ROTOR 


NR 40 


section no 1 

section 

CC 

RHO 4? 



PEANLINE 

data 


PT 

ALPHA 

ZETA. 

Thickness 

UPStLON 

1 

.U.SfcORS 

• 57,303. 

o'. 155T4 

5;34252 

a 

.1I,4;4]S 

56.424 

0.21722 

4,46614 

j 

-3.RJI60 

54,812 

0‘.35427 

' 4 ’ 20649 

a 

.1.43770 

53,131 

0.45754 

1,57341 

s 

.2,Ril274 

52,104 

0’.56fl85 

2,4?549 

6 

-2.34722 

50.884 

0,67462 

2,23876 

7 

.1.600R7 

48,475 

0,78271 

1,52802 

e 

-1.202*7 

46.54J 

0 ’.86 j22 

0 86768 

Q ' 

-0'.6024| 

43.435 

0'.42|42 

•0,26264 

10 

.0,00150 

0t.6ll 

0.45U0I 

-0,243A2 

11 

0'.6010l 

34,571 

0.45418 

- 0.81022 

12 

r.2o*oo 

17.632 

0'43htt0 

-l' 24344 

II 

i’.8iie9 

35,442 

0.88677 

•1 .74349 

14 

2.41468 

33.070 

0,81108 

•2', 15902 

IS 

3'.0?B66 

30.488 

0.71 124 

-2,53814 

u 

i'.msso 

27.424 

0.58441 

-2‘.88089 

17 

«',2a406 

25.558 

0,45042 

• 3 '. 19219 

is 

4.86024 

23,152. 

0.24753 

•1.47284 

10 

5.37082 

21,602 

0‘.163tl 

• 3 ' 68528 


surface coordinates with origin AT'SFcTinN AXIS"" 


UPPER 


PT 

■ T/C ~ 

alpha'"' 

'UPSUOh • • 

1 

0.0! |S4 

-4,66998 

5.34752 

2 ‘ 

0.01i54 

- 4 . 4 R 353 

5.32(147 

3 

0i0i|54 

-4,68485 

5.28155 

4 

O.OI |54 

-4,87273 

5.22505 

5 

O.Ol i54 

•4,64569 

5.15701 

6 

O.Ol 1 5u 

-4.60288 

5.06420 

7 

0.0ll54 

•4,54517 

4,95982 

6 

O.OlAlR 

-4.50994 

4,84784 

<J 

0,02o8l 

-4,26370 

4.50752 

10 

0,02539 

-4,05660 

4.12845 ‘ 

11 

0.02489 

-3,62863 ■ ■ 

3.76165 

12 

0,03426 

-5,59990 


13 

0.03b53 

-3.37032 

3.05ao« 

|4 

0,o4?61 

•3.13971 ■ 

2.71064 

15 

0.1)4649 

-2.90762 

2,37317 

16 

0,05o84 

-7.62657 

1.47674 

17 

0,05484 

-2.14251 

1.54177 

18 

a.0Sn4s 

-2.45528 

1.21452 

■ 14 

0.06]65 

•1,76459 

0,66126 

20 

0.08440 

-1,47032 

0,51812 

21 

- ~ 

0,08671 

-1.17305 

0,14140 


0.08b55 

- 0.87334 

-0,11432 

23 

0,08940 

•0.57177 

•0.41514 

24 

■■-O.07o76 • 

-0,26644 

•0,64644 

■■ 25 

0.07| 13 

0.03928 

•0.96554 

26 

0,07n4fl 

0, 34738 

-1 ,22180- 

27 

0.07o3l 

0.85751 

•1.46676 

' 28 

0,08914 

0.96981 

•1.70073 

29 

0.08748 

1 .28446 

-1.92381 

30 

0,08«i3l 

1.80144 

•2.13552 

■ 51 

0,08271 

1.92006 

-2.33505 

32 

0,05964 

2.23474 

•2,52738 

53 

0,056lu 

2.56064 

-7,64788 

■ 34 

0,05223 

2.88266 

•2,86142 

35 

0,04t9u 

3,20480 

-3.01765 

36 

0,04329 

3.52644 

•3,15736 

37 

0,03a3] 

3,84745 

-3.28176 

36 

0,03305 

4,16416 

-3. “0142 

34 

0,02t55 

4,44003 

•3.51160 

■ " ■ 00 

0,02l 86 

4,8io35 

-3.81706 

41 

OiOiyOo 

5.07542 

-3.68RJ9 

42 

o.olpos 

5,26175 

- 3 . 7344 ? 

43 

0.0l?08 

5,37046 

-3,73576 

44 

0,01708 

5,37082 

-1,68528 


LOWFR 


ALPHA 

UPilLI 

-4,66448 

5.342! 

•u’.64471 

5.3451 

•4.60875 

5. 330' 

-4.56164 

5.796! 

•0,50676 ■ 

5.241' 

-4,au?s7 

5.167 

•4,3*433 

5.072! 

-0',32747 

5,0181 

-4.05217 

4,866! 

• 3,77773 

4. 327! 

-3',503l7 

4 . 000 : 

-3,22485 

3,6fl2( 

«2'.4S7ao 

3,370i 

-2.68597 ' 

3.06'41 

•2,41601 

2.763< 

-2.Q9462 

2,410! 

•1.77673 

2,<!68‘ 

•1,46103. 

1 .138' 

-1.14476 

1.42K 

-0.84107 

1.1183 

-0.53540 

0,*281 

•0. '233 17 

0.5491 

0.06771 

0.779X 

. 0,16538 

0.0143 

0,6*156 

•0,2i4( 

0',45583 

•0,481 t 

1.24873 

-0,723t 

i .51837 

•0,4602 

1.82617 

•1 . I9t< 

2.11163 

•1 .4150 

2,39547 

-1.614’ 

2.67814 

-1.8461 

2.45473 

-7,0533 

3‘.2"0?0 

•7.7535 

3,52052 

•7,4476 

3.80177 

-7,6365 

4, 08276 

-2, *706 

“.56350 

•7.4446 

a,845()7 

-3, 1754 

«.4?7?r 

•3.3410 

5,1*367 

-3.0763 

5 , 3 3 0 ' 1 4 

-3.5700 

5.37074 

-3,6155 

5.37082 

-3,685' 


C^OXo SUGr.Efl fAi'PfB 

15 *S 0 ?S oliRS** TS'.IIR 

AREA 9,110710 surface ARC LENGTH PT-O^USa 


SFCTlnN C.G, 

STRH>'Si|BFACt SECTION C.C, 

NlAot AXIS 

STACKiSo axis ((IAI'Ial) 


Al»'HA 

O'.OOTHT 

0. 

0 . 


0 . 


UR.qii.ON 
•o.oaTOii 
R. . 

R I 

El 



cno»i) system o»tgin 7 laa.qaiae k 0 , 
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APPENDIX C 


BLADE AND VANE AIRPOIL 
MANUFACTURING SECTION 
COORDINATES 


8. Rear Block Fan IGV Strut 


110 



REAR BLOCK FAN IGV STRUT SECTIONS CCK) 


*SAG* STATOR 0 


SECTION AA RADIUS ' as. 260000 - R/R a8,-260000 


SURFACE COORDINATES WITH ORIGIN AT S.P. 


PT. 

T/C 

LOWER Z 

LOWER R-THETA 

UPPER Z 

UPPER R-THETA 

r 

0.017530 

-6.350000 

-0,000000 

-6,350000 

-o.oooooo 

2 

0.017530 

-6.351632 

-0.0A8808 • 

-6.331632 

0.0A8808 

3 

0,017530 

-6,2941895 

-0.071570 

-6.29A895 

, 0.071570 

A 

0,029867 

-6.191250 

-0.09A828 

-6,191250 

0.09 A 82 8 

5 

0.0372A2 

-6.032500 

-0.I182A2 

-6,032500 

0. 1182A2 

6 

O.OA7802 

. -5.715000 

-0.151770- 

-5.715000 

0.151770 

7 

0,055792 

-5,397500 

-0. 1771A0 

-5,39-7500 

0.1771A0 

8 

0,062163 

-5.080000 

-0,197368 

-5,080000 

0.197368 

g 

0.067320 

-A. 762500 

-0.2137A1 

-A. 762500 

0.213741 

10 

0.071931 

-4.AA5000 

-0,226382 

-A.AASOQO 

0.228382 

n 

0.075750 

-A, 127500 

-0,2A0508 

-A. 127500 

0.2A0508 

12 

0.07902A 

-3.810000 

-0.250901 

-3,810000 

0,250.901 

13 

0,081682 

-3.A92500 

-0.259339 

-3.A92500 

0.259339 

lA 

0.083829 

-3.175000 

-0,2661 56 

-3.175000 

0.266156 

15 

0.085518 

-2.857500 

-0.271521 

-2.857500 

0.271521 

16 

0.086838 

-2.5A0000 

-0.275712 

-2.5A0000 

0.275712 

17 

0,OB76A8 

-2,222500 

-0.278282 

-2,222500 

0.278282 

18 

0,088000 

-1.905000 

-0.279A00 

-1,905000 

0.279400 

19 

0,088000 

-1,5.87500 

-0.279AO0 

-1,587500 

0,279400 

20 

0.088000 

-1 .270000 

-0.279AOO 

-1,270000 

0,279400 

21 

0,080000 

-0.952500 

-0.279A00 

-0.952500 

0,279400 

22 

0,088000 

-0.825500 

-0.279AO0 

-0.825500 

0.279400 

23 

0,088000 

-0.762000 

-O.279A00 

-0.762000 

0.279400 

2A 

0,088000 

-0.698500 

-O.279A00 

-0,698500 

0,279400 

25 

0,088000 

-0.635000 

-0.279AOO 

-0,635000 

0.279400 

26 

0,088000 

-0,571500 

-O.279A00 

-0.571500 

0.279400 

27 

0,088000 

-0,508000 

-0.279AOO 

-0,508000 

0,2794100 

28 

0,088000 

-0,381000 

-0.279AOO 

-0,381000 

0,279400 

29 

0.088000 

-0.279332 

-O.279A00 

-0.279A00 

0.279400 

30 

0,088000 

-0.093111 

-0,208232 

-0.093133 

0,208252 

31 

0.088000 

0. 

-0.000000 

0. 

-0.000000 

LE 

RADIUS 0.07A029 CENTER 

AT Z -6.275971 R-THETA 

-0,000000 

TE 

RADIUS 0.279A00 CFNTER 

AT Z -0.279A00 R-THETA 

-0,000000 


CHORD 

solidity 

STAGGER 

camber 


6.350000 

0,753893 

0. 

0, 



AREA 

C.G. Z C. 

G. R-THETA 

S.P. J 

S.P, r-theta 

.2. 

999059' 

2.8A3799 

0. 

6,350000 

o.oooooo . 


SURFACE ARC LENGTH 


13,095 
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REAR BLOCK FAN IGV STRUT SECTIONS (CM) 


*SAG* STATOR 0 


SECTION BB RADIUS 55,R80000 R/R 55.880000 


SURFACE coordinates WITH ORIGIN AT • S.P. 


PT. 

T/C 

LOWER Z 

LOWER R-THETA 

UPPER Z 

UPPER R-THETA 

1 

0.018900 

-6.350000 

-0,000000 

-6.350000 

•o.ooooo'o 

2 

0,018900 

-6.330280 

-0.053728 

-6.330280 

0.053728 

3 

0,018900 

-6.290840 

-0.079541 

-6,290840 

0,079541 

A 

0,033100 

-6.191250 

-0,105093 

-6,191250 

0.105093 

5 

0. 041600 

-6,032500 

-0.132080 

-6.032500 

0.132080 

6 

0.053750 

-5.715000 ■ 

-0.170656 

-5.715000 

0.170656 

7 

0.062950 

-5,397500 

-0,199866 

-5.397500 

0.199866 

a 

0.070250 

-5.080000 

-0.223044 ' 

-5.060000 

0.223044 

9 

. 0.076200 

-4.762500 

-0,241935 

-4.762500 

0.241935 

10 

0.081500 

-4.445000 

-0,258763 

-4.445000 ■ 

0,258763 

11 

0,035900 

-4.127500 

-0,272733 

-4.127500 

0.272733 

12 

0.089650 

-3.810000 

-0.284639 

-3.810000 

0,284639 

13 

0.092700 

-3.492500 

-0.294323 

-3.492500 

0.294323 

1« 

0,095200 

-3.175000 

-0.302260 

-3,175000 

0,302260 

15 

0,097150 

-2.857500 

-0,308451 

-2.857500 

0,308451 

16 

0,098650 

-2.540000 

-0,31321 4 

-2.540000 

0.313214 

17 

0.099600 

-2.222500 

-0.316230 

-2.222500 

0.316230 

18 

0.100000 

-1 .905000 

-0.317500 

-1 .905000 

0,317500 

19 

0.100000 

-1.587500 

-0.317500 

-1.587500 

0.317500 

?0 

0,100000 

-1 .270000 

-0.317500 

-1.270000 

0.317500 

21 

0.100000 

-0,952500 

-0.317500 

-0.952500 

0.317500 

22 

0,100000 

-0.825500 

-0.317500 

•0.825500 

0,317500 

25 

0.100000 

-0,762000 

-0,317500 

-0,762000 

0.317500 

20 

0.100000 

-0,698500 

-0.317500 

-0.698500 

0.317500 

25 

0.100000 

-0,635000 

-0.317500 

-0,635000 * 

0.317500 

26 

0.100000 

-0.571500 

-0.317500 

-0,571500 

0.317500 

27 

0,100000 

-0.508000 

-0.317500 

-O.S08000 

0.317500 

28 

0.100000 

-0,381000 

-0,317500 

-0.381000 

0.317500 

29 

0,100000 

-0.317423 

-0.317500 

-0,317500 

0.317500 

30 

0,100000 

-0.105807 

-0.236627 

-0,105833 

0,236651 

31 

0.100000 

0. 

-0.000000 

0. 

-0.000000 

LE 

RADIUS 0. 

083052 CENTER 

AT Z -6.266949 R-THETA 

-0,000000 

TE 

RADIUS 0. 

317500 CENTER 

AT Z -0.317500 R-THETA 

-0,000000 


CHORD 

SOLIDITY 

STAGGER 

camber 


6.350000 

0.651089 

0. 

o; 



AREA 

C.G, Z C. 

G. R-THETA 

S.P. z 

S;P. R-THETA 

3. 

395317 

-2.842575 

0. 

6,350000 

0.000000 


SURFACE ARC LENGTH 13.151 
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REAR BLOCK FAN IGV STRUT SECTIONS (CM)- 


*SAG* stator • 0 


SECTION CC RADIUS 63.500000 R/R 63,500000 



SURFACE COORDINATES WITH ORIGIN 

AT. S’.P. 


PT. 

T/C 

LOWER Z 

LOWER R-THETA 

UPPER Z 

UPPER R-THETA 

1 

0,020026 

-6.350000 

-0,000000 

-6,550000 

-0.000000 

2 

0.020026 

-6.329222 

-0,058096 

-6,329222 

0,058096 

3 

0,020026 

-6.287664 

-0.086804 

-6.287664 

0,086804 

4 

0,036131 

-6.191250 

-0.114717 

-6,191250 

0.114717 

5 

0.045786 

-6.032500 

-0,145369 

-6.032500 

0.145369 

6 

0.059562 

-5.715000 

-0.189108 

-5,715000 

0.169108 

7 

0.070000 

-5,397500 

-0.222250 

-5,397500 

0.222250 

8 

0,078243 

-5.080000 

-0.248422 

-5,080000 

0, -240422 

9 

0.085008 

-4.762500 

-0.269900 

-4.762500 

0.269900 

10 

0,091011 

-4.445000 

-0.268961 

-4,445000 

0.288961 

11 

0,096006 

-4.127500 

-0,304820 

-4.127500 

0,304820 

12 

0.100240 

-3,810000 

-0,318262 

-3.810000 

0,318262 

13 

0.103690 

-3.492500 

-0,329214 

-3.492500 

0,329214 

14 

0.106557 

-3,175000 

-0.338318 

-3,175000 

0.338316 

15 

0,108774 

-2,857500 

-0,345359 

-2.857500 

0,345359 

■16 

0,110454 

-2,540000 

-0.350693 

-2,540000 

0.350693 

17 

0.111552 

-2.222500 

-0.354178 

-2.222500 

0.354178 

18 

0.1 120O0 

-1.905000 

-0.355600 

•1.905000 

0.355600 

19 

0.112000 

-1.587500 

-0.355600 

-1.587500 

0.355600 

20 

0,112000 

-1.270000 

-0.355600 

-1.270000 

0.355600 

21 

0.112000 

-0.952500 

-0.355600 

-0,952500 

0,355600 

22 

0.112000 

-0.825500 

-0,355600 

-0,825500 

0.355600 

23 

0.112000 

-0.762000 

-0.355600 

-0,762000 

0.355600 

24 

0,112000 

-0.698500 

-0.355600 

-0.698500 

0.355600 

25 

0,112000 

-0.635000 

-0,355600 

-0.635000 

0,355600 

26 

0,112000 

-0,571500 

-0,355600 

-0,571500 

0.355600 

27 

0.112000 

-0.508000 

-0.355600 

-0,508000 

0.355600 

28 

0.112000 

-0.381000 

-0.355600 

-0,381000 

0.355600 

2<? 

0.1 12000 

-0.355513 

-0,355600 

-0.355600 

0,355600 

30 

0,1 12000 

-0.118504 

-0.265023 

-0.118533 

0.265049 

31 

0.112000 

0. 

-0.000000 

0. 

•0.000000 

LE 

RADIUS 0. 

091606 CENTER 

AT Z -6,258395 P-THETA 

•0,000000 

TE 

RADIUS 0, 

355600 CENTER 

AT Z -0.355600 R-THETA 

-0.000000 


CHORD 

SOLIDITY 

stagger 

camber 


6.350000 

0.572958 

0. 

0. 



AREA 

C.G. Z C, 

G. R-THETA 

S.p. z 

S.P. R-THETA 

3. 

788554 

-2.841342 

0. 

6,350000 

0,000000 


surface arc Length 13.207 


POOR 


page 

quality 
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APPENDIX C 

BLADE AND VANE AIRFOIL 
MANUFACTURING SECTION 
COORDINATES 

9. Rear Block Fan IGV Flap 
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AST REAR SLOCK FAN IGV FLAP SECTIONS (CM) 


*SA6* STATOR 3 


Nfl 36 SECTION AA RADIUS 48.26000 R/R 48.260000 

SURFACE COORDINATES WITH ORIGIN AT' S.P« 


PT. 

T/C 

LOWER Z 

LOWER R-THETA 

UPPER Z 

UPPER R-THETA 

1 

0. 

-0.370515 

-0.032416 

-0. 37051 5 

-0.03241 6 

2 

0.035663 

-0.266 326 

-0.1 56448 

-0.289447 

. 0.107824 

3 

0.04922' 3 

-0.169302 

-0.1 98586 

-0. 201 214 

0.166170 

4 

0. 066941 

0.021 700 

-0.248027 

-0.021 700 

0.248027 

5 

0. 079100 

0.210898 

-0.276869 

0. 159617 

0.309285 

6 

0.088185 

0.399101 

-0.294324 

0. 341929 

0.359155 

7 

0.100683 

0.773667 

-0.30821 4 

0.708393 

0.437877 

8 

0. 108073 

1.146578 

-0.303180 

1.076512 

0.497675 

9 

0. Ill 91 5 

1 .51 8339 

-0.284999 

1.445782 

0. 544326 

10 

0.113000 

1 .889205 

-0.256603 

1. 815946 

0. 580761 

1 1 

0. 1 0951 7 

2.629107 

-0.178867 . 

2. 558105 

0.632689 

1 2 

0. 100389 

3.367178 

-0.08021 4 

3. 302094 

0.663700 

1 3 

0.087439 

4.104C10 

0.032598 

4.047322 

0.680551 

1 4 

0.071 326 

4.839817 

0.157134 

4. 793575 

0.685678 

1 5 

0.052839 

5.574854 

0.290462 

5.540598 

0.682014 

16 

0. 031 798 

6.309064 

0.433252 

6. 288449 

0.668887 

1 7 

0.02271 3 

6.602531 

0.492847 

6. 587806 

0.6611 57 

1 8 

0.020340 

6.675865 

0.508123 

6. 662678 

0.658848 

1 9 

0.018035 

6.749221 

0.523147 

6. 757528 

0.656790 

20 

0.015662 

6.822554 

0.538422 

6. 81 2401 

0.654481 

21 

0.013244 

6,895 874 

0.553865 

6. 887288 

0.652004 

22 

0. 008362 

7.01 2079 

0.578491 

7. 006003 

0.647941 

23 

0. 008362 

7.031 702 

0.590271 

7. 027374 

0,639747 

24 

n. 008362 

7.039787 

0.61 5901 

7. 039787 

0.615901 

LE 

RADIUS 0. 

C ENTER 

AT Z -0.370515 R-THETA 

-0.03241 6 

T£ 

RADIUS 0.0351 1 6 CENTER 

AT 2 7.004804 R-THETA 

0.612845 


CHOR D 

SOLID ITY 

STAGGER 

CAMBER 


7..438608 

0.883135 

5.000000 0. 



AREA 

C.G. Z C. 

G. R-THETA 

S.P. Z 

S.P, R-THETA 

4. 

34891 2 

2.805355 

0.245437 

0.370515 

0.03241 6 


SURFACE ARC LENGTH 15.161 


THROAT 

NL 

NU 

SPACING 

AT/S 

7.563049 

9 

10 

8.422952 

0.897910 
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AST REAR BLOCK FAN IGV'FLAP SECTIONS (CM) *SAG* STATOR D 

NB • 36 SECTION BB RADIUS 5S. 88000 R/R 55.880000 . 


SURFACE COORDINATES WITH ORIGIN AT . S,P, 


PT. 

T/C 

LOWER Z LOWER R-THETA 

UPPER Z UPPER R-THETi 

1 

0. 

-0.399237 

-0.034929 

-0. 399237 

-0.034929 

2 

0.035663 

-0.286971 ■ 

-0.168576 

-0.311884 

0.116183 

3 

0.049223 

- -0.182426 

-0.213980 

-0. 216811 

0.1 79051 

A 

0.066941 

0.023382 

-0.267254 

-0.023382 

0.267254 

5 

0.079100 

0.227247 

-0.298332 

0.171990 

0.333261 

6 

0. 088185 

0.430039 

-0.317139 

0. 368435 

0.386997 

7 

0. 100683 

0.833642 

-0.332106 

0, 763307 

0.471 821 

8 

0.108073 

1 .235460 

-0. 326682 

1.1 59963 

0,536254 

9 

0. 111 91 5 

1.636039 

-0.307092 

1 .557858 

0.586522 

1 0 

0. 113000 

2.035655 

-0.276494 

1.956716 

0,625781 

11 

0.109497 

2.832906 

-0.192652 

2.75641 4 

0.681 654 

1 2 

0.100288 

3.628163 

.-0.086027 

3.558105 

0.714743 

1 3 

0.087236 

4.422079 

0,035937 

4.361138 

0.732494 

1 4 

0.071021 

5.214889 

0.1 70533 

5.165276 

0.737613 

1 5 

0. 052263 

6.006811 . 

0.315279 

5.970302 

0. 732582 

1 6 

0.03101 9 

6.797865 

0.469951 

6. 776197 

0.717625 

1 7 

0. G21866 

7.11 4058 

0. 534436 

7.098783 

0.709G26 

1 8 

0.019493 

7,193077 

0.550895 

7.179460 

0.706538 

1 9 

0. 01711 9 

7.272095- 

0. 567355 

7, 260136 

0.704050 

20 

0.01474 7 

7.351 114 

0.58381 5 

7.340812 

0.701 562 

21 

0. 012260 

7.430093 

0.600725 

7.421 528 

0.698622 

22 

0. 007345 

7.559303 

0.628342 

7.553570 

0.693873 

23 

0.007345 

7.577859 

0.639444 

7.573772 

0.686161 

24 

- 0.007345 

7.585505 

0.663645 

7.585505 

0,663645 

LE 

RADIUS 0. 

CENTER 

AT Z -0.399237 R-THETA 

-0,034929 

TE 

RADIUS C.O 

331 27 CENTER 

AT Z 7.552504 R-THETA 

0.660763 


CHOR 0 

SOLID ITY 

STAGGER CAMBER 


8.01 5 243 

0.821 832 

5.000000 0. 



AREA 

C.G. Z C.G 

. R-THETA 

S.P. Z 

S.P. R-THET 

5. 

03343 8 

3.012988 0 

.263602 

0.399237 

0.034929 


SURFACE ARC LENGTH 16.332 


THROAT 

NL 

NU 

SPACING 

AT/-S 

8.824229 

10 

1 1 

9.752892 

0.904781 
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AST REAR etOCK FAN IGV FLAP SECTIONS (CM) *SAG* STATOR 0 

NB 36 SECTION CC RADIUS 63,50000 R/R 63.500000 


SURFACE COORDINATES WITH ORIGIN AT’ S.P, 


PT 

T/C 

LOWER 2 

LOWER R-THETA 

UPPER Z‘ 

UPPER R-THETA 

1 

0. 

-0.427959 

-0.037442 

■0. 427959 


-0.037442 

2 

0.035663 

-0.307617 

-0.180703 

•0. 334322 


0.1 24541 

3 

0.049223 

-0.195550 

-0.229374 

•0.232409 


0-191 933 

4 

0.066941 

• 0.025064 

-0.286481 -0,025064 


0. 286481 

5 

0.0791C0 

0.243 596 

-0.31 9795 

0.184363 


0.357236 

6 

0.088185 

0.460977 

-0.339955 

0. 394941 ■ 


0.414838 

7 

0.100683 

0.893 616 

-0,355999 

0. 81 8221 


0. 505765 

8 

0. 108073 

1.324342 

-0.350184 

1 . 243413 


0. 574834 

9 

0.1 1191 5 

1.753739 

-0.329185 

1.669934 


0.62871 8 

10 

0.113000 

2.182105 

-0.296386 

2.097487 


0.670802 

1 1 

0.109477 

3.036704 

-0. 206424 

2.954724 


0.730606 

12 

0. 100186 

3.889143 

-0.091 780- 

3.814121 


0.765728 

1 3 

0.087033 

4.740137 

0.039393 

4.674964 


0, 784321 

1 4 

0.07071 5 

5.589946 

0.184107 

5.536992 


0.789373 

1 5 

0.051 686 

6.438739 

0.340428 

6.400035 


0.782819 

1 6 

0.030239 

7.286627 

0.507097 

7.263984 


0.76591 6 

1 7 

0.02101 8 

7.625 542 

0.576511 

7.609803 


0. 756408 

1 8 

0.01864 5 

7.71 0246 

0.594155 

7.696284 


0.753741 

1 9 

0.016204 

7.794924 

0.61 2089 

7, 782789 


0.750784 

20 

0.013831 

7.879627 

0.629733 

7.869270 


0. 74811 7 

21 

0.011277 

7.964262 

0.648150 

7. 955818 


0.744676 

22 

0.006328 

8.107034 

0.678889 

8.101 757 


0.739206 

23 

0.006328 

8.124164 

0.689092 

8.120398 


0.732132 

24 

0.006328, 

8.131 224 

0.711390 

8.131224 


0.711 390 

LE 

RADIUS 0. 

CENTER 

AT 2 -0.427959 

' R-THETA 


-0.037442 

TE 

RADIUS 0 .030A.82 CENTER 

AT Z 8.100858 

R-THETA 


0.708738 


CHORD 

SOLIDITY 

• STAGGER 

CAMBER 


‘8. 591 878 

0.775242 

5.000000 

0. 




AREA 

C.G. Z C. 

G. R-THETA 

S.P. Z 

S 

.P. R-THETA 

5 

.765492 

3.219131 

0,281637 0 

.427959 


0.037442 



SURFACE 

ARC LENGTH 17. 

502 




THROAT NL 

NU SPACING 

AT/S 




1 0. 

085477 10 

11 11.082831 

0.910009 



m. POOR QUALrqi 
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APPENDIX D 


LIST OF SYMBOLS AND NOMENCLATURE 
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APPENDIX D 


LIST OF SYMBOLS AND NOMENCLATURE 


Symbol 

A 

s 

C 

CH' 

CP 

D or 
D-Factor 


d 

i 

HP 

IGV 


I.D. 


LP 

M 

N 


NCT 


Description. 

Area 

Specific Heat at Constant Pressure 


Blade Chord 

Static Pressure-Rise Coefficient 


CH’ 







Units 

2 2 
m or cm 

calorie per 
gram degree C 

cm 



Constant Pitch 
Diffusion Factor: 

“rotor = “ - + <>^2 ''^2 - Vep/(2 J c. V^) 

“stator “ “ - ''ei - >^2 ^ 


Diameter 

Incidence Angle 

High Pressure 

Inlet Guide Vane 

Inner Diameter 

Stress Concentration Factor 


m 


degrees 


Low Pressure 
Mach Number 
Engine Speed 
Number of. Blades 
Number of Vanes 
Near Constant Tip 
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LIST OF SYHBOLS AND NOMENCLATURE (Continued) 


Symbol 

O. D. 

P, P 

q 

R or r 
rpm 
Rl, R2 
r 

SI, S2 
SL 


Description 
Outer Diameter 
Static Pressure 
Total Pressure 

Dynamic Pressure (Total Pressure - Static 
Pressure, Incompressible) 

Radius ’ 

Revolutions per Minute 
Rotor 1, Rotor 2, Respectively 
Mean Radius 

Stator 1, Stator 2, Respectively 
Streamline 


Stall Margin (%) 




P/P\ 

W ) 


stall 


-(¥) 


-iS) 


operating line 


X 


100 


operating line 


T1 

T 

t 

U 

V 

w 

z 


Titanium 
Temperature 
Thickness (Blade) 
Rotor Speed 
Velocity 
Airflow 
Axial Distance 
Flow Angle 


Units 


Newton/m 

2 

Newton/m 

2 

Newton/m 


cm 


.cm 


K 

cm 

m/sec 

m/sec 

kg/sec 

cm 

degrees 
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LIST OF SYMBOLS AITO NOMENCLATURE (Continued) 


Symbol 

Y 

6 

6 ° 

0 

X 

P 

a 

4' 

n 

u 


Description Units 

Specific Heat Ratio 

5 2 

Pressure Correction (P^/1.0133 x 10 N/m ) 

Deviation Angle degrees 

Temperature Correction (1x3^/288.15 K) 

Effective Area Coefficient: 

A /a 

effective physical 

3 

Air Density kg/m 

Solidity 

Percent Flow Streamfunction 

Slope of Meridional Streamline degrees 

Efficiency 

Total Pressure Loss Coefficient: 


Rotor (jj = P* 

^2. 


id 


- P' 

T. 


T, 


- P, 


Stator ( 1 ) = ~ ^ 


- P, 


Subscripts 
ad Adiabatic 
id Ideal 
poly Polytropic 
m Meridional Direction 
T Total 
S Static 

1 Inlet 


Superscripts 

t f 

’ Relative to Rotor 

o „ 

Degrees 


2 


Exit 
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LIST OF SYMBOLS AtJD NOMEHCLA.TURE (Concluded) 


Subscripts 


1 

2 


Sta 

I 


m or max 
r 

S or s 
T 

TH 

Z 

e 

oo 

0 


Leading Edge 

Trailing Edge 

Blade Row Exit Station 

Cascade Inlet Capture 

Maximum 

Radial 

Static Condition 

Total 

Throat 

Axial Direction 
Tangential Direction 
Free Stream 

Total or Stagnation Conditions 
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Block I Fan Pressure Ratio 



Figure 1. Stall Margin Requirements for a Typical AST Front Block Performance Map 




Block II Fan Pressure Ratio 
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Figu'fe 3. Front Block Fan Screening Study - Two-Stage Tapered Casing Nominal Fan Design Flowpath. 
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LP Turbine Efficiency A% Cooling Flow aLPT Weight '-lbs 
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ADIABATIC 

EFFICIENCY 



1700 


CORRECTED 

TIP FT/SEC 1600 
SPEED 


1500 


M/SEC 



12 1.4 L6 1.8 

AVERAGE ROTOR ASPECT RATIO 


Figure 8. Front Block Fan Parametric Screening Results - Two Stage - Effect of Aspect 
Ratio Variation. 
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ADIABATIC 

EFFICIENCY 


1700 

1600 

CORRECTED jjqq 
TIP, FT/SEC 
SPEED 1400 

1300 

1200 



AVERAGE ROTOR ASPECT RATIO 


>Near Constant 
Tip Flowpath 


©Constant Pitch 
Flowpath 


Figure 9. Front Block Fan Parametric Screening Results - Three Stage ~ Effect of Aspect 
Ratio Variation. 
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Figure 10. 



ADIABATIC 

EFFICIENCY 
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Front Block Fan Parametric Screening Results - Two Stage - Effect of 
Solidity Variation. 
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Figure 12. Front Block Fan Parametric Screening Results ~ Two Stage ~ Effect of 
Flow/ Annulus Variation. 
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Figure 13. Front Block Fan Parametric Screening Results - Three Stage 
Flow/Annulus Variation. 
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Figure 14. Front Block Fan Parametric Screening Results - Two Stage - Effect of 
Inlet Radius Ratio Variation. 
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Figure 15. Front Block Fan Parametric Screening Results - Three Stage - Effect of 
Inlet Radius Ratio Variation. 
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'Figure 16. Front Block Fan Parametric Screening Results - Two Stage- - Effect of 
Exit Mach No. Variation-. 
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Figure 17. Front Block Fan Parametric Screening Results - Three Stage - Effect of 
Exit Mach No. Variation. 
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Figure L8. Front Block Fan Parametric Screening Results - Two Stage - Effect of 
Swirl Angle Variation. 
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Front Block Fan Parametric Soreeiiing Results - Three Stage - Effect of 
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Figure 20. AST Front Block Fan Flowpath ~ Constant Tip - Inlet Radius Ratio = 0.438. 
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Figure 24. Rear Block Fan Parametric Screening Results - Effect' of 
Aspect Ratio Variation, 
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.Figure 25, Rear Block Fan Parametric Screening Results - Effect 
of Solidity Variation. 
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Figure 28. Rear Block Fan Parametric Screening Results - Effect 
of Exit Mach No. Variation. 
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Figure- 30. Front Block Fan Rotor 1 Design Parameters - Various IGV Swirls. 
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Figure 32. Front Block Fan Rotor 1 Off-Design 
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Figure 33. Front Block Fan Stator 1 Off-Design Parameters - Design IGV Swirl = 0° Constant. 
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'Figure 35. Front Block Fan Rotor* 1 Incidence Angle at Design and Supersonic Cruise. 
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Figure 36. Front and Rear Block Fan Flowpath - Recommended Configuration. 
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Figure 41. Front Block Fan Design Parameters - Mach Numbers. 
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Figure 42. Front’ Block Fan Design Parameters - Diffusion Factors. 
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Figure 43. Rear Block Fan Design Parameters - Stage Total-Pressure Ratio and Adiabatic Efficiency 
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Figure 44. Rear Block Fan Design Parameters - Mach No., Loss Coefficient, and Diffusion Factor. 
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Figure 52, Rear Block Fan Rotor Streamline 10 (Hub) Airfoil Section. 
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Figure 53. Bear Block Fan Rotor Incidence, Deviation and Adjustment Angles at 
Aerodynamic Design Point 







Figure 54. Rear Block Fan Rotor Tm/c Distribution; 
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Figure 55. Rear Block Fan Rotor Airfoil Design Throat Margins. 
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Figure 57. Front Block Fan Stator Incidence and Deyiation Angles af ' 
Aerodynamic Design Point . 
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Figure 61. Front Block Fan Stator 2 Hub Streamline Airfoil Section 
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Figure 62. Front Block Fan Stator Tm/c 
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Figure 63. Front Block Fan Rotor Materials and Mechanical Configuration. 
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Figure 66. Front Block Fan Rotor Stage L Blade Stability Plot. 
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Figure 67. Front Block Fan Rotor Stage 2 Blade Stability Plot. 
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Figure 69. Front Block Fan Stator 1 Campbell Diagram - Full Size 
Fan, Solid Vane, 













Figure 70. Front Block Fan Stator 2 Campbell Diagram - Full Size 
Fan, Solid Vane. 
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Figure 71. Front Block Fan Stator 1 Campbell Diagram ~ Full Size 
Fan, Hollow Vane. 
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Figure 73. Front Slock Fan Stator 1 Steady-State Stress. 
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Figure 74. Front Block Fan Stator 2 Steady -State Stress. 
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Figure 75. Front Block Fan Stator Fatigue Limit Diagram — Stators. 
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Figure 76. Front Block Fan Stator Torsional Stability Plot. 





Figure 77. Front Block Fan Component Test Vehicle. 




Frequency, cps 


2500 


1st Torsion 


1000 I 2nd Flex 



V 

> 

<b 




3 /Rev 


1st Flex 


ip- -""^/Rev' 

15% Margin 


/iuuu ^uuu bUUO 8000 10,000 12,000 14,000 16,000 

Rotor Speed, rpm 

Figure 78. Front Block Fan Component Rotor 1 Campbell Diagram. 
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Figure ‘81. Front Block- Fan Component Rotor 2 Stability Plot. 







16 , 


K 

X 


(>> 

u 

d 

0) 

n 

c 

0) 

!h 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 


■ 

m 

■ 

■ 




mi 

a 

a 

a 

a 

a 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

Ae 

Desi 


— 

Me 

De 

■ 

■ 


■ 

■ 

■ 

■ 

■ 

■ 


■ 

■ 

1 



1 


■ 

■ 

■ 

a 

a 

a 

a 

a 

■ 

a 

■ 

1 

, 


m 















1 


2F 





























5 


4T 











1 


B 

■ 

1 


■ 

a 

a 

a 

a 

a 

a 

a 

H 

\ 

1 

1 

1 

H 

n 


■ 

a 

a 

a 

a 

a 

■ 

B 

B 

1 

1 

1 

■ 


1 










1 

a 

i 

1 


■ 

■ 

■ 

■ 




a 




1 

1 



2T “i 











m 

SB 

m 

■ 

■ 

iHI 




L 

n 

B 

1 

m 



■ 


|H 

|R 

a 


in 

a 

a 

1 

1 

1 

1 

IH 

IT 


IBuB 

S8HI 


n 

^1 



1 

■ 

■ 

HHI 



mi 

11^1 

mu 


aa 






1 

■ 


a 

■ 





a 

g 

a 

1 

1 

1 

m 

n 


■ 


■■ 






aa 

■ 

a 







j 


42 /Rev 
R2 


28/Rev 

R1 


2/Rev 


2000 . 4000 6000 8000 10,000 12,000 14,000 

Engine Speed, rpm 


-Figure 83. Front Block Fan Component Stator 2 Campbell Diagram. 
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Figure 85. AST Flowpath Wall Meridional 'Mach Number Distribution - Front Block Farj 
Design Point. 
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Figure 87. Front Block Fan Performance Map - Design Stator Settings. 
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Figure 88. Front Block Fan Performance Map - Variable IGV and Stator 1 
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